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ABSTRACT: A retrospective study of autopsy cases was conducted at the Department of Forensic Medicine, Tongji Medical College (DFM-
TMC), in Hubei, China to describe the characteristics of poisoning deaths from 1999 to 2008. A total of 212 poisoning deaths were investigated by
DFM-TMC during the 10-year period. The poisoning deaths ranged from 17 cases in 1999 to 27 cases in 2008. Of the 212 cases, 82 deaths (38.7%)
were from pesticides, 36 deaths (17.0%) from carbon monoxide, 34 deaths (16.0%) from drugs, 22 deaths (10.4%) from alcohol, 17 deaths (8.0%)
from other chemicals, 15 deaths (7.1%) from poisonous plants and animals, and six deaths (2.8%) from heavy metals. Of the 82 pesticide poisoning
deaths, 43 (52.4%) cases were caused by rodenticides, mainly tetramine (N = 39). The majority of poisoning deaths were accidents (63.7%), followed
by suicides (25.9%) and homicides (3.8%). The manner of death could not be determined in 14 cases (6.6%).
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Poisonings cause considerable morbidity and mortality through
the world (1–4), with an estimated 315,000 deaths caused by unin-
tentional poisoning and 250,000 deaths resulting from intentional
ingestion of chemicals worldwide in 2000, according to the World
Health Organization (WHO) data (1,4). In China, unintentional poi-
soning was the ninth most common cause of death in young adults
from 15 to 29 years of age (4). The most common agents responsi-
ble for poisoning deaths in China as well as in other developing
countries are pesticides (5–7). Pesticide poisoning remains the
major cause of public health problem in the developing countries.

There has been relatively little detailed analytical data from
autopsy studies on the poisoning deaths in the China. The objective
of this study is to assess the trends and characteristics of poisoning
deaths in the region of central China, Hubei province, as they were
recorded among the autopsy cases examined by the Department of
Forensic Medicine, Tongji Medical College (DFM-TMC).

Materials and Methods

Hubei province is located in the central part of China, with a
population of 56,990,000 (2007). DFM-TMC is one of the three
major forensic institutes with responsibility to oversee and to pro-
vide forensic pathology and related services in central China,
mainly Hubei province. The DFM-TMC handles the cases sent to
them by the police, courts, and prosecutors’ offices, sometimes

requested by the decedents’ families. The cases selected for autopsy
are deaths with suspicion, sudden unexpected deaths, possible poi-
soning deaths, and deaths related to medical misadventures. If the
cause of death is apparent by scene investigation and review of
clinical history, external examination (inspection) is a general rule.
In addition, almost all the autopsy cases at the DFM-TMC have to
have permission from the family members. Therefore, the autopsy
rate is relatively lower when compared with other developed
countries.

All autopsy cases were subjected to comprehensive toxicology
testing for pesticides, drugs, alcohol, and heavy metals. Certain
chemicals, carbon monoxide, Chinese herbs, and poisonous
plants ⁄ animals are tested if they are suspected. Specimens including
blood, urine, bile, stomach contents, and liver were collected from
each victim at autopsy. Gas chromatography ⁄mass spectrometry
(GC ⁄MS) and liquid chromatography ⁄ mass spectrometry (LC ⁄MS)
were used to detect pesticides, alcohol, drugs, and toxic compo-
nents of Chinese herbs. Quantitative analysis of tetramine was per-
formed with GC ⁄ MS operated in selected ion monitoring mode
method for ions m ⁄ z 212, 240, and 360 (data rate at 20 Hz). Cya-
nide, nitrite, and carboxyhemoglobin were detected by the spectro-
photometric method. Heavy metals were detected by atomic
fluorescence spectrometric method and atomic absorption spectro-
metric method.

All autopsy cases investigated by the DFM-TMC were reviewed,
and cases included in the study were selected based on autopsy
and toxicology reports in which deaths were classified as poisoning
from January 1, 1999 to December 31, 2008. This study was a ret-
rospective review of all poisoning deaths examined by the DFM-
TMC in the past 10 years. Age, gender, investigation reports,
autopsy findings, including the types of drugs detected by toxicol-
ogy test, and the cause and manner of death were analyzed.

For the purpose of this study, a poison is any substance that is
harmful to the human body when ingested, inhaled, injected, or
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absorbed through the skin. A poisoning death is any death in which
a toxic level of poison is found with no other cause of death pres-
ent. The definition of drugs of abuse is the misuse or nonmedical
use of controlled substances, prescribed drugs, and over-the-counter
drugs. The definition of drugs of therapy is the medical use of pre-
scribed drugs and over-the-counter drugs.

Results

Between 1999 and 2008, a total of 2416 deaths were investi-
gated by DFM-TMC. Based on the scene investigation, autopsy
examination, and toxicology study, 212 of the 2416 (8.8%) deaths
were determined to be caused by poisonings. The ages of the vic-
tims ranged from 45 days to 79 years, with more than 50% of the
victims being in their 30s and 40s.

The leading cause of poisoning deaths was pesticides, followed
by carbon monoxide, drugs, alcohol, other chemicals, poisonous
plants ⁄animals, and heavy metals (Table 1). Among the pesticides,
rodenticides accounted for 52.4% of the cases and insecticides and
herbicides accounted for 47.6% of the cases. Tetramine was the
major rodenticide responsible for 39 of 82 deaths from the pesti-
cides (Table 2).

Of the 34 drug deaths, 15 (44.1%) cases were caused by drugs
of abuse, mainly heroin ⁄morphine and ketamine, seven (20.6%)
cases involved accidental overdose of prescribed medications, and
12 (35.3%) cases were the result of the therapeutic misadventure
when patients were inadvertently given lethal dosage of medica-
tions intravenously in hospital settings.

Overall, the number of poisoning deaths stayed relatively con-
stant except for the years of 2000, 2005, and 2008 with comparably
more deaths than those in the other years (Fig. 1). The deaths
ranged from 17 to 29 cases with an average of 21 cases per year.

However, poisoning deaths from pesticides declined continuously
from 26 cases in 1999 and 2000 to only eight in 2007 and 2008, a

325% decrease (Fig. 2). Deaths from carbon monoxide intoxication,
on the other hand, showed a significant increase during 2005 and
2006. There was an increased trend of deaths from drugs of abuse
in the central China, Hubei area, mainly from heroin ⁄ morphine and
ketamine.

The majority of poisoning deaths were accidents (63.7%), fol-
lowed by suicides (25.9%) and homicides (3.8%). The manner of
death could not be determined in 14 cases (6.6%). The manner of
death by agents can be seen in Table 3. Pesticides were implicated
in the majority of the poisoning suicide deaths. Of the 82 deaths
caused by pesticide poisoning in Hubei, 51 were suicides.

During the past 10 years, a total of 39 (18.4%) poisoning deaths
were caused by the ingestion of tetramine. Of the 39 cases, 20

TABLE 1—Distribution of poisoning deaths by agents.

Poisoning Agents No. of Deaths %

Pesticides 82 38.7
Carbon monoxide 36 17.0
Drugs 34 16.0
Alcohol 22 10.4
Other chemicals* 17 8.0
Poisonous plants ⁄ animals 15 7.1
Heavy metals 6 2.8
Total 212

*Sulfuric acid, potassium cyanide, chlorosufonic acid, benzene, cyanide,
methyl fluoroacetate, nitrite, mixed organic solvent, methanol, hydrogen
sulfide, and dichloromethane.

TABLE 2—Poisoning deaths by pesticides.

Pesticides No. of Deaths %

Rodenticides 43 52.4
Tetramine 39 90.7
Fluoroacetamide 3 7.0
Bromadiolone 1 2.3

Insecticides ⁄ herbicides 39 47.6
Organophosphate pesticides 21 53.8
Dimehypo 6 15.4
Carbamates 4 10.3
Others 8 20.5

Total 82
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FIG. 1—Poisoning deaths during 1999–2008.
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FIG. 2—The trend of poisoning deaths by major poisons during 1999–
2008.
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deaths (51.3%) were caused by self-inflicted poisoning, nine deaths
(23.1%) were caused by accidental poisoning, and three deaths
(7.7%) involved intentional poisoning by homicide. The manner of
death could not be determined in seven deaths caused by tetramine.
The common clinical symptoms of tetramine poisoning ranged
from nausea, vomiting, and abdominal pain, to seizures, reduced
level of consciousness, coma, and death from respiratory failure
and multiple organ failures. Autopsy examination revealed nonspe-
cific pathologic changes, such as pulmonary congestion and edema,
and complications from multi-organ failure. Postmortem diagnosis
was based on scene investigation, review of the clinical history,
and specific postmortem toxicology testing for tetramine.

Carbon monoxide intoxication was the number one cause of
accidental poisoning deaths in our study group. Thirty-five of 36
(97.2%) carbon monoxide poisoning deaths were accidental; the
manner of death could not be determined in one carbon monoxide
poisoning case (Table 3). Of the 35 accidental deaths from carbon
monoxide poisoning, 32 were exclusively caused by gas inhalation,
two deaths were the result of house fire, and one death was caused
by burning coal indoors for heating without a good ventilation sys-
tem. The majority (18 ⁄35) of the accidents were caused by gas
leakage from water-heaters (Table 4). The highest frequency of car-
bon monoxide deaths was during the winter months (December,
January, and February) in 68.6% of the cases.

In our study, more men (63.2%) died of poisonings than women.
The majority of accidental poisoning deaths were male victims
(71.1%). However, deaths caused by suicidal poisoning were
slightly higher in female victims (N = 30) than in male victims
(N = 25).

Discussion

There are significant differences in the nature of the agents
involved in the poisoning deaths between developing countries and

developed countries (2,6–9). Pesticides are the most common
agents responsible for poisoning deaths in many developing coun-
tries (6–8), whereas pharmaceuticals are the most common means
of fatal poisoning in the developed countries (2,9–11).

Pesticide poisoning remains the major public health problem in
China. Recent global estimates of deaths from poisoning suggest
that more than 150,000 deaths occur each year in all of China from
pesticides poisoning alone (11). Our data showed that poisoning
from pesticides was the leading cause of death among all the poi-
soning deaths, and pesticide ingestion was the most common means
of fatal self-inflicted poisoning in our study population, accounting
for 92.7% of the total suicides. Of the pesticides poisoning cases,
rodenticide tetramine alone accounted for more than one-third of
the deaths. Tetramine (tetramethylene disulfotetramine) is an odor-
less, tasteless, white, crystalline powder that easily dissolves in
water, with its molecular formula C4H8N4O4S2. Tetramine is a neu-
ral toxin and acts by blocking the chloride channel of the inhibitory
neurotransmitter receptor of the gamma-aminobutyric acid (12). It
is extremely hazardous, being 100 times more toxic than cyanide
(13). Very small amounts of tetramine, estimated as low as
0.1 mg ⁄kg weight (oral LD50) in mammals, can lead to convulsions
and death, with a dose of 5–12 mg considered lethal in humans
(14). The symptoms of tetramine poisoning ranged from nausea,
vomiting, and abdominal pain, to epileptic seizures, coma, and
death from respiratory failure and multiple organ failures (15). The
unique features of tetramine poisoning are the rapid onset of con-
vulsions that are difficult to control, multi-organ failure, and high
mortality (13). Despite its unique features, diagnosis of tetramine
poisoning can be very difficult. First, it is an illicit rodenticide and
may not be listed on the product label. Second, the victims often
become unconsciousness soon after ingestion and cannot provide
any useful history. Third, presentation may mimic many medical
conditions and poisoning caused by other substances (13). Finally,
postmortem pathology findings are usually nonspecific. Although
tetramine has been band worldwide because of its lethal toxicity,
repeated outbreaks of poisoning continue to occur in Mainland
China (16). In 2002, the first known case of human illness caused
by tetramine intoxication was reported in the U.S. (17). It has been
suggested that tetramine may be considered as a potential agent of
terror because of the extreme toxicity of the compound, the absence
of specific antidote, and the history of tetramine’s use in intentional
mass poisonings (18). To reach a correct diagnosis, a thorough
scene investigation of the circumstance of the death with high alert
on suspicion and a complete autopsy examination with toxicologi-
cal detection of the tetramine are necessary.

Drug addiction in China began with the import of Indian opium
by the British in the 16th century and brought severe social and
health problems (19). While drug abuse abated following the estab-
lishment of the People’s Republic of China, the implementation of
open-door policies in the 1980s led to a re-emergence of illicit
drug trade in China. Drug imports from the Golden Triangle region
have made illegal substances widely available, causing severe drug
abuse problems (20,21). Illicit drug abuse, particularly heroin
abuse, has risen to epidemic levels over the last 10 years, and the
use of amphetamine-type stimulants, including amphetamine,
methamphetamine, and 3,4-methylenedioxymethamphetamine, has
recently gained popularity in China (22,23). Our study showed an
increased trend of illicit drug abuse deaths, mainly caused by
heroin ⁄morphine and ketamine, during the past 10 years in the cen-
tral China. The new trends of drug addiction in China pose great
public health challenges and require government interventions,
focusing both on public education and treatments through drug
addiction programs.

TABLE 3—Manner of poisoning deaths by agents.

Agents Accident Suicide Homicide Undetermined Total

Pesticides 16 (11.9) 51 (92.7) 5 (62.5) 10 (71.4) 82
Carbon monoxide 35 (25.9) 0 (0.0) 0 (0.0) 1 (7.2) 36
Drugs 32 (23.7) 1 (1.8) 0 (0.0) 1 (7.2) 34
Alcohol 22 (16.3) 0 (0.0) 0 (0.0) 0 (0.0) 22
Poisonous
plant ⁄ animals

15 (11.1) 0 (0.0) 0 (0.0) 0 (0.0) 15

Other chemicals 12 (8.9) 2 (3.7) 1 (12.5) 2 (14.2) 17
Heavy metals 3 (2.2) 1 (1.8) 2 (25.0) 0 (0.0) 6
Total 135 55 8 14 212

TABLE 4—Scene investigation findings of carbon monoxide poisoning.

Scene Location No. of Deaths %

Residence ⁄ home 18 51.4
Hotel 12 34.3
Rented apartment 5 14.3
Source of gas

Water-heater leakage 18 51.4
Gas-oven leakage 1 2.9
Gas pipe leakage 1 2.9
Burning coal for heating 1 2.9
House fire 2 5.7
Unknown 12 34.2
Total 35
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Conclusion

Poisoning is a global public health problem. There has been an
increased trend of deaths from illicit drug abuse in the central part
of China over the past 10 years. But pesticide poisoning remains
the leading cause of poisoning deaths in China as well as in many
developing countries. Tetramine (tetramethylene disulfotetramine)
ingestion is a common method of intentional and unintentional poi-
soning in China. The unique features of tetramine poisoning are the
rapid onset of convulsions that are difficult to control, multi-organ
failure, and high mortality. Diagnosis of tetramine poisoning can be
very difficult. It is necessary to have a thorough scene investigation
of the circumstance of the death with high alert on suspicion and a
complete autopsy examination with specific toxicological detection
of the tetramine.
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