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This study describes the substances involved in fatal events that were investigated by the Forensic
Medicine Institute of the Federal District, Brazil, from 2006 to 2008. The presence of pesticides was
investigated in liver or stomach content samples by thin-layer chromatography; amphetamines,
benzodiazepines, barbiturates, tetra-hydro-cannabinol (THC), cocaine and opioids were analyzed in
urine samples by immunoassay. A total of 8736 exams were performed, of which 21.7% tested positive

/’i‘l?y"rlorlds’ for at least one compound investigated. Men were involved in over 90% of positive cases; most
Drcuo soof abuse individuals were between the ages of 18 and 30. Alcohol was detected in 47.4% of the blood samples, with
pesgddes over 30% presenting BAC levels higher than 1 g/L. Cocaine was present in 21.6%, and THC in 17.5% of the

Postmortem samples urine samples analyzed. Pesticides were found in 13.3% of the 188 cases investigated, mostly aldicarb,
Brazil which is the main component of chumbinho, an illegal rodenticide available in the country. Among
pharmaceutical drugs, benzodiazepines were the most detected, with 29 samples testing positive (4.6%
of the samples analyzed). Most of the individuals who died from traumatism or hypovolemia tested
positive for alcohol. Death from intoxication/poisoning corresponded to 1.8% of all positive cases, mainly
from the ingestion of pesticides. This is the first Brazilian study reporting data on toxic chemicals from
postmortem material. The results confirm other epidemiological data that indicate pesticide as the major
cause of fatal poisonings in Brazil.
© 2010 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Drug abuse has been increasingly involved in violence and the
number of deaths around the world [1-4]. Although this abuse is
not always the direct cause of death, it can influence the final
outcome of a violent event. Fatalities involving alcohol are
normally associated with traffic accidents [5,6]. In Washington
State, USA, alcohol was detected in 41% of fatally injured drivers in
2001-2002 [7]. In Brazil, about half of traffic accidents with
fatalities are associated with the use of alcohol [8]. In many
countries, fatal overdoses involve mostly illegal drugs, such as
heroin/morphine, alone or in combination with other drugs [9-11].

Aldicarb, a carbamate insecticide, is the main pesticide involved
in fatal poisoning cases in Brazil, mainly as a component of
chumbinho. This product is sold illegally as a rodenticide on the
streets and free markets of the country. Most of the poisoning
events involving chumbinho are related to suicide attempts and
accidental poisonings of children [12]. This product was involved
in over 55% of fatal pesticide poisoning events that occurred in the
Federal District from 2004 to 2007 [12]. In addition to aldicarb,
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organophosphorous pesticides have also been reported as compo-
nents of chumbinho [13].

Currently, there is no published study regarding the presence of
toxic compounds in forensic samples in Brazil. The objective of this
study is to describe the substances involved in fatal events that
were investigated by the Forensic Medicine Institute of the Federal
District (FMI/FD) from 2006 to 2008. The Federal District is located
in the Midwestern region of Brazil and includes the nation’s capital,
Brasilia; the population in 2007 was about 2.5 million inhabitants
[14].

2. Material and methods

This is a retrospective registry-based descriptive study covering data collected in
the 2006-2008 records of the Forensic Medicine Institute of the Federal District
(FMI/FD). These data include information on cause of death, gender, city of
residence, age, and laboratory results for toxic substances. All data refer to
postmortem cases. The circumstances of death were not investigated in this study.

Blood samples were collected in the hollow heart or aorta and kept in a sealed
plastic vial at —20 °C for up to 15 days until analyzed for alcohol content by head
space gas chromatography with a flame ionization detector. Results were
considered positive when blood alcohol concentration (BAC) was >0.2 g/L, which
is the method limit of quantification (LOQ). Samples of liver or stomach contents
were extracted with ether:chloroform (2:1) and analyzed for the presence of
carbamate and organophosphorous pesticides by thin-layer chromatography
against analytical standards after spraying the silica gel plate with iodine or
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p-nitroaniline [15]. No further confirmation of positive samples was performed.
Amphetamines, benzodiazepines, barbiturates, THC (tetra-hydro-cannabinol, the
most active substance of cannabis), cocaine and opioids in urine were analyzed by
immunoassay (Dimension®™ system and Flex™ reagent cartridge).

Alcohol dosage was carried out in all cases in which there was evidence of
unnatural death. Tests for other drugs or pesticides were carried out on a case-by-
case basis, according to the event history.

3. Results

From 2006 to 2008, 8736 exams were performed on postmor-
tem material at the FMI/FD, of which 2354 exams were performed
for alcohol (26.9% of all exams), 1836 for cocaine, and 1813 for
THC; 1895 exams (or 21.7%) were positive for at least one
substance investigated (Table 1).

3.1. Alcohol

Alcohol was detected (BAC > 0.2 g/L) in almost half of the
samples analyzed for this substance during the period of the study
(Table 1), at levels ranging from 0.2 to 14.3 g/L. The percentage of
samples that tested positive for alcohol decreased during the
period (from 55.3% in 2006 to 43.8% in 2008) (Table 1). Men were
involved in 92% of the positive cases half of individuals were
between 18 and 30 years of age (Fig. 1). Seven hundred and thirty-
six cases had BAC above 1 g/L (65.9% of the positive cases), 86
above 3.0 g/L and 39 above 3.5 g/L (Fig. 2).

3.2. Illegal drugs

About 22% of the postmortem material (urine) analyzed tested
positive for cocaine; the number of exams performed doubled
during the period of the study, as well as the percentage of positive
results (from 14.2 to 26.7%) (Table 1). Men were involved in 90-
97% of the cases. Over 60% of the individuals were between 18 and
30 years old; about 8% were under the age of 18 (Fig. 1), with a 9-
year-old boy being the youngest. The percentage of individuals
between ages 31 and 50 years increased by 50% in 2008 compared
with other years (data not shown).

THC was detected in 17.5% of the urine samples analyzed,
with both the number of samples tested and the percentage of
positive samples also increasing during the period of the study.
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Table 1
Frequency of drugs detected in postmortem material at the FMI/FD from 2006 to
2008.

Exams performed (% of positive exams)

2006-2008 2006 2007 2008
Alcohol 2354 (47.4) 505 (55.3) 880 (47.0) 969 (43.8)
Cocaine 1836 (21.6) 381 (14.2) 691 (20.2) 764 (26.7)
THC 1813 (17.5) 375 (13.0) 681 (17.2) 757 (20.0)
Opioids 661 (0.06) 115 (0.0) 294 (0.0) 252 (0.4)
Benzodiazepines 630 (4.6) 8 (1.0) 282 (5.3) 250 (5.2)
Barbiturics 628 (1.1) 97 (0.0) 284 (1.8) 247 (0.8)
Amphetamines 626 (0.3) 101 (0.0) 282 (04) 243 (0.4)
Chumbinho/pesticide® 188 (13.3) 50 (24) 85 (4.7) 53 (15.1)
Total 8736 (21.7) 1716 (19.7) 3478 (39.8) 3535 (40.5)
¢ Tested for aldicarb or any other pesticide.
m Alcohol ® Cocaine B THC

% of positive results

<18 18-30 31-50
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51-70

Fig. 1. Percentage of positive results for alcohol, cocaine and THC according to the
age of the individual. Age was not reported in 39 cases (1.7% of total) for alcohol, and
in 11 cases (0.6% of total) for cocaine.

Men were involved in 95-99% of the cases that tested positive.
Most individuals were between 18 and 30 years old, approxi-
mately 10% of whom were under 18 years (Fig. 1). Only one
urine sample tested positive for opioids, that of a 40-year-old
woman in 2008.
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Fig. 2. Distribution of blood alcohol concentrations (BAC) found in the 1116 positive cases investigated in the Federal District from 2006 to 2008.
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3.3. Pharmaceutical drugs

Thirty-nine postmortem urine samples analyzed tested positive
for pharmaceutical drugs (2%). Individuals were 17-63 years old,
including a 1-year-old boy; five cases involved women. Benzodi-
azepine was the class of substances most found, with 29 samples
testing positive, only one in 2006. Barbiturics were found in 8
samples of individuals 22-54 years old; two were women, and two
also tested positive for benzodiazepines. Only 2 samples tested
positive for amphetamines, both men (aged 18 and 36).

3.4. Pesticides

During the period of the study, 25 postmortem samples tested
positive for pesticides, 22 for aldicarb, the main component of
chumbinho. Individuals were between 19 and 89 years of age, and 6
cases involved women.

3.5. Reported cause of death

Table 2 shows the distribution of the reported cause of death
and the relation with cases investigated in the study that tested
positive for alcohol, cocaine and THC. The percentage of deaths due
to undetermined causes ranged from 3.5 to 5.7%. Individuals who
died from traumatisms tested positive for alcohol in almost half of
the cases, mainly as a consequence of traffic accidents. The
majority of the deaths from hypovolemia also tested positive for
alcohol. In nine alcohol positive cases, the reported cause of death
was intoxication/poisoning; 4 cases had BAC >3.5g/L. In six
poisoning cases (BAC of 0.2-4.7 g/L), cocaine or aldicarb were also
detected in postmortem material; in one case (6.6 g/L), THC was
also detected. In only one poisoning case, alcohol was the only
compound detected, with a BAC of 10.7 g/L.

About 25% of the individuals who died from trauma or
hypovolemia, and about 17% of those from asphyxia (mainly by
carbon monoxide, gagging or mechanically) and drowning, tested
positive for cocaine (Table 2). In 21.5% of the deaths from trauma
and hypovolemia, the individuals tested positive for THC.

The causes of death reported in cases that tested positive for
pesticides were intoxication/poisoning (21 cases), pulmonary
edema and acute respiratory failure (3 cases)—both symptoms
characteristic of acute exposure to acetylcholinesterase inhibitors
and trauma (one case). In two poisoning cases, there was
association with alcohol and two with cocaine.

4. Discussion

Alcohol was the main substance found in the postmortem
materials, with the profile of the individuals involved in the cases
agreeing well with that of alcohol users in Brazil. A survey
conducted in the country in 2005/2006 showed that individuals

Table 2
Leading causes of death and positive exams for alcohol, cocaine and THC.

Death cause Cases investigated (% positive)

Alcohol Cocaine THC
Traumatism/injury 1330 (48.3) 962 (21.4) 956 (18.3)
Hypovolemia 531 (55.0) 450 (28.2) 444 (24.7)
Asphyxia/suffocation 102 (38.2) 87 (18.4) 85 (8.2)
Drowning 65 (44.6) 49 (16.3) 48 (10.4)
Electrocution 24 (25.0) 17 (5.9) 17 (5.9)
Intoxication/poisoning 12 (75.0) 13 (61.5) 10 (10)
Others?®/undetermined 290 (34.1) 258 (12.0) 253 (7.4)
Total 2354 (47.4) 1836 (21.6) 1813 (17.5)

2 Includes respiratory failure, edema, heart attack, pneumonia, septicemia and
sudden death.

between the ages of 18 and 24 drink more than other age groups;
women drink less and less frequently than men [16]. According to
the Ministry of Health, about 12% of the Brazilian population
between the ages of 12 and 65 years presents signs of alcohol
dependence, an incidence that is higher than the worldwide
average [8].

Hypovolemia and traumatism, mainly as consequence of traffic
accidents, were the main cause of death in the alcohol positive cases.
Since 2008, Brazil has a zero-tolerance policy for driving under the
influence of alcohol, with penalties being imposed for BAC levels
equal to or greater than 0.2 g/L. In the present study, about 7.7% of
the individuals who tested positive for alcohol had BAC > 3.0 g/L, a
level that can lead to lack of coordination, disorientation, muscle
weakness and unconsciousness [1]. Thirty-nine cases (3.5%) had
BAC > 3.5 g/L, levels that can lead to coma and possibly death[1,17];
in four cases, the cause of death was reported as poisoning, but in
only two of the cases alcohol was the only acute toxic compound
detected in the postmortem material. A non-tolerant individual,
however, may die from a lower blood ethanol level. In a study
conducted in Jordan, 26.6% of deaths due to alcohol poisoning were
observed for BACs between 0.9 and 2 g/L [18].

Cocaine and THC were, respectively, the second and the third
most frequently found substances in postmortem material. The
estimated 1-year prevalence of cannabis use for the Brazilian
population was estimated by Jungerman [19] to be 2.1%, with
higher probability for men and individuals between the ages of 18
and 30. Cocaine and crack users appear to be especially vulnerable
to deaths from external causes. The annual mortality rate among
crack users admitted to a hospital in the city of Sdo Paulo (1992-
1994) was 2.5%, seven times higher than the overall mortality rate
in the city during the same period; the majority of the fatal cases
involved men under 30 [20]. In another study conducted in the city,
about 20% of the 124 crack-dependent patients admitted to a
public detoxification unit died, mainly from homicide [21]. The
observed mortality rate, adjusted for age and sex, was 24.92 per
1000, over nine times the adjusted expected all-cause mortality
rate in the state. In Denmark, fatal poisoning involving cocaine
represented 15% of fatal poisoning cases in 2002 [2].

Alcohol is also the main substance found in postmortem
material in other countries; however, the second most detected
substance varied substantially, probably due to different social and
cultural aspects, and drug availability. In Sweden (2002-2003),
alcohol accounted for 43%, and morphine for 35% of the cases
investigated [4]. In Australia (1996-2006), alcohol, cannabis and
opioides were the most detected substances in homicide victims
[22] and non-overdose suicides [23]. In Jordan, alcohol accounted
for 50% of the 60 cases investigated, followed by neuroleptic drugs
(26.6%) [18]. In Spain, between 1991 and 2000, at least one
psychoactive substance was detected in half of the drivers killed in
road accidents, mainly alcohol (43.8%), followed by cocaine (5.2%),
opioids (3.2%) and cannabis (2.2%) [24].

In a review published by Macdonald et al. [25], the percentages
of fatal injuries testing positive for cocaine and cannabis were
shown to vary widely among and within countries. In the USA, the
percentage of patients testing positive for cocaine ranged from 0.3
to 9.8% for drivers, and from 8 to 40% for other populations. Drivers
testing positive for cocaine in other countries ranged from 0.1% in
Australia to 6-7% in Canada and Spain. Data from European
countries, USA, Canada, Australia, South African and Tasmania
showed the percentage of injury patients testing positive for
cannabis to range from 1.4 to 27.5%.

In the present study, only one sample tested positive for
opioids, reflecting a low use of these compounds in Brazil. Indeed,
the last national household survey on drug abuse conducted in
2001 showed the percentage of lifetime use of opioids as 1.3%,
mainly from the use of codeine syrup [26]. Only 4 individuals
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among the 8589 respondents (aged 12-65) had ever used heroin
(0.04%), a much lower rate than that found in the USA in the same
year (1.2%) [27]. In Europe, the average prevalence of problem
opioid use from 2002 to 2007 was estimated to be between 3.6 and
4.6 cases per 1000 of the population aged 15-64 [28].

Although pharmaceutical drugs are the main cause of
intoxication in Brazil, accounting for about 30% of all cases
reported to the SINITOX, the fatality rate is low (0.26%) compared
with that of pesticide (1.8%), the second cause of intoxication in the
country [29]. These data support the low percentage of postmor-
tem material testing positive for these substances in the present
study (2%). In New South Wales, Australia, 26.5% of non-overdose
suicide cases tested positive for antidepressants, antipsychotics
and benzodiazepines, mostly women [23]. In Spain, 4.7% of drivers
involved in fatal road accidents between 1991 and 2000 tested
positive for pharmaceutical drugs [24].

In the present study, poisoning, from exposure to alcohol,
cocaine and/or pesticide, was the cause of death reported for 40
cases, representing 0.46% of all cases investigated. This rate is
much higher in other countries. In Germany, about 9% of all
autopsies performed from 1991 to 2000 were related to poisoning
[30]; in Norway, about 10% of the autopsies of violent deaths
(1972-1992) were related to poisoning [31].

The majority of the poisoning cases involved pesticides. This
trend is completely different from that found in other countries,
where alcohol, illegal drugs or CO are involved in most fatal
poisoning cases [9-11,30,32]. However, this is typical for the
Brazilian case, as reported in other data sources [29,33]. Brazil is
one of the world’s largest pesticide consumers, where highly acute
pesticides are largely available [34]. Poisoning with these
compounds, mainly in the form of chumbinho, is an ongoing
problem in the country [12,35]. According to the Brazilian
legislation, pesticide products may only be purchased by
agronomic prescription issued by a technical professional [36].
However, this regulation is rarely enforced, and consequently
pesticide is the most frequent cause of lethal intoxication in the
country [29]. The number of pesticide-related deaths varies
according to the data source, mainly due to different inclusion
criteria [37]. The results from the present study show that 16 fatal
poisonings with pesticides occurred in the Federal District in 2006
and 2007. During this period, 13 cases fatal cases were reported to
the Toxicological Information and Assistance Center of the Federal
District [12] and the Brazilian Mortality System contains only 7
deaths classified as ICD-10:X48 (accidental poisoning by or
exposure to pesticides) in the region [33]. Underreporting of fatal
poisonings in the compiled ICD statistics compared with medico-
legal statements based on forensic toxicological examinations has
also been reported in Finland [32].

This is the first published study in the country that reports data
on toxic chemicals in forensic postmortem material. One major
limitation found while searching for information in the FMI/FD
records was the lack of standardization in the reports, mainly
regarding the cause of death. Furthermore, with the exception of
alcohol, only qualitative information of the chemicals investigated
was provided in the reports, making it difficult in some cases to
confirm the actual underlying cause of death. Additionally, no
other method, such as mass spectrometry, was used to confirm the
presence of the chemicals in the samples, mainly in the case of
pesticides.

5. Conclusion

The data described in this study follows the global trend
reported in other countries, with alcohol being the primary drug
found in postmortem material. A specific trend found in the region,
which agrees with the Brazilian scenario, was the important

involvement of pesticides in the poisoning cases. Data obtained in
this study showed that information obtained from forensic
analysis material better reflects the gravity of the pesticide
poisoning problem in Brazil in comparison with other data sources
available in the country.
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