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ABSTRACT: Carbon monoxide (CO) inhalation is one of the leading methods of suicide in the United States. A sharp increase in suicide by
inhaling the CO produced from burning charcoal has been reported in parts of Asia; however, the incidence of this method has not been determined
in a U.S. population. Thus, we determined trends of CO suicide in the ethnically diverse population of King County, Washington, U.S.A. During the
period 1996–2009, we identified 158 cases of suicide by CO poisoning, with 125 because of automotive exhaust, 26 because of charcoal burning,
and seven from other CO sources. While historical U.S. data indicate >99% of CO suicides in the United States occurring by automobile exhaust
inhalation, in the most recent years analyzed, c. 40% of CO-related suicides in King County, Washington, were because of charcoal burning, indicat-
ing a possible shift in suicide trends that warrants further scrutiny in additional populations.
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Carbon monoxide (CO) inhalation results in hypoxia because of
the c. 250-fold greater affinity of CO for hemoglobin relative to
oxygen, with high concentrations of CO leading to unconsciousness
and death within minutes (reviewed in [1]). Because of the lethality
of CO and the perception of a relatively painless means of death,
intentional inhalation of CO is a commonly utilized method of sui-
cide (2). In the past, fatal levels of CO were readily accessible by
simply turning on a home oven because of the widespread use of
coal gas for the domestic gas supply. Following the widespread
detoxification of home gas in the 1960s, domestic gas no longer
contained significant levels of CO, and the incidence of this suicide
method plummeted (3). In the United Kingdom, it was shown that
the overall suicide rate dropped at this time as well, suggesting that
restricting access to lethal means can reduce the total number of
suicides (4).

In the following years, as automobile ownership increased, inha-
lation of car exhaust grew as a suicide mechanism, becoming
responsible for nearly all CO suicides in the United States (5).
However, introduction of the catalytic converter in the 1970s
reduced the CO concentration of automobile exhaust by c. 95%.
While inhalation of automobile exhaust was formerly fatal within
minutes, modern exhaust can potentially be tolerated for extended
periods, as suggested by a published report of an individual who
ran a car engine for 10 h with a tube attached directly from the
tailpipe to the passenger compartment of the vehicle without devel-
oping a critically elevated carboxyhemoglobin level (6). In conjunc-
tion with the decreased lethality of inhalation of automobile

exhaust, the discomfort of the method has increased, with increased
time of exposure to unburned gasoline vapor and other unpleasant
fumes, as well as an increased risk of discovery. Accordingly, the
suicide rate by automobile exhaust inhalation has dropped (5). This
trend has the potential to decrease the overall suicide rate, but also
may result in a compensatory increase in alternate methods of
suicide.

Other sources of CO that have been reported in suicide include
gasoline-powered tools, which generally lack catalytic converters
and therefore produce highly toxic exhaust; direct chemical produc-
tion of CO from the reaction of formic acid with sulfuric acid (7);
and burning charcoal, which smolders and therefore undergoes
incomplete combustion with high CO production. Suicide by the
latter method, previously very rare, increased sharply in Hong
Kong after a single case in November of 1998 in which a 35-year-
old woman burned charcoal briquettes in a sealed bedroom. The
event was widely reported in the regional media, with explicit
description of the details of her suicidal method and commentary
on its rapid, painless, and nonviolent nature. Over the following
9 weeks, 22 additional suicides occurred in Hong Kong by the
same method (8). By 2002, charcoal-burning suicide had become
the second most common method of suicide in Hong Kong,
responsible for c. 25% of total suicide deaths (9). Moreover, the
increase in suicide by charcoal burning resulted in an overall
increase in the suicide rate, with no compensatory decrease in sui-
cide by other methods. Thus, the knowledge of this specific suicide
method apparently resulted in additional deaths in individuals who
presumably would not have carried out suicide otherwise, suggest-
ing suicide clustering because of direct media reporting as well as
social learning from other individuals in the local population
(10,11). Suicide by charcoal-burning method has subsequently
increased elsewhere in Asia and is responsible for up to one-fourth
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of total suicides in Taiwan (12), with a rising incidence also
reported in Japan (13). The alarming increase in charcoal-burning
suicide has resulted in multiple control methods being both pro-
posed and enacted in Asia, including printing suicide help line
phone numbers on charcoal bags, restricting the sale of charcoal in
convenience stores, enforcing media guidelines regarding the
reporting of suicides, and selective installation of CO monitors
(12); however, it remains to be seen whether these control mea-
sures have been effective.

While charcoal-burning suicide is clearly widespread in parts of
Asia, with a small number of cases also reported in Europe
(14–16), to our knowledge, the incidence of this method has not
been investigated in a U.S. population. Thus, in the present study,
we have determined longitudinal trends in suicide by CO poisoning
in the predominantly urban population of King County, Washington,
over a 13-year period. King County has one of the largest Asian
populations in the United States, including regular immigration from
Hong Kong and Taiwan and therefore may represent an opportunity
to identify whether emerging suicide trends seen in Asia are influ-
encing CO-based suicide methods in the United States.

Methods

King County encompasses an area of 2100 square miles in
Northwest Washington State, with a population of 1.9 million in
2008. The population is 75% white, 6% black, and 14% Asian ⁄ Pa-
cific Islander. King County includes the city of Seattle, which con-
sists of 602,000 residents and represents the 9th largest Asian
population among United States cities (17).

The King County Medical Examiner’s Office investigates all
sudden, unexpected, and unnatural deaths that occur within the
county. Records were searched from 1996 through September 2009
to identify every case where CO inhalation was listed on the death
certificate as either a primary or a contributing cause of death, and
where the manner of death was suicide. We excluded cases where
CO production occurred from intentionally setting a building on
fire. Information regarding historical modes of suicide from 1996
to 2008 was taken from the 2008 annual report of the King County
Medical Examiner’s Office.

We used logistic regression to determine whether the probability
of suicide by CO inhalation from charcoal burning, as opposed to
other sources, was increasing over the time period studied. In this
analysis, the date of suicide was used as an independent variable
and the method of CO inhalation (charcoal burning vs. not charcoal
burning) was the dependent variable. We also performed a multi-
variate logistic regression to control for gender, age, marital status,
and race.

Results

From 1996 through 2009, we identified 158 suicides where CO
inhalation was a cause of death. The overall incidence of suicide and
the incidence of suicide by CO inhalation were both essentially con-
stant over the studied interval (Fig. 1). CO poisoning represented
6% of suicide deaths over the period 1996–2008 and was the fifth
most frequent mode of suicide, exceeded in frequency by firearms
(45%), hanging (18%), drugs ⁄ poisoning (15%), and jumping (7%).

Among the 158 cases of CO poisoning, 125 (80%) were because
of inhalation of automotive exhaust, 26 (16%) were because of
burning charcoal in an enclosed space, and 7 (4%) were from run-
ning a gasoline-powered tool (generator, lawn mower, or lawn
edger) in an enclosed space (Table 1). The racial identity and age
group of decedents were similar among all types of CO suicides

and closely paralleled the trends seen in suicide overall, indicating
that this mode of suicide is not disproportionately utilized by a spe-
cific age or ethnic group. As with overall suicide trends in King
County, decedents tended to be men, Caucasian, unmarried, and
40–59 years of age.

The trend toward an increase in charcoal-burning suicides that
has been noted in Taiwan and Hong Kong was not reflected by a
higher incidence in Asian individuals within King County: of 158
CO inhalation suicides, 7 (4%) occurred in Asians, and among
charcoal-burning suicides, only 1 (4%) occurred in an Asian indi-
vidual. Suicide is overall under-represented in Asians, as King
County is 13% Asian with 7% of total suicides occurring in this
population. It might be expected that a novel suicide method would
be disproportionally utilized by younger individuals; however, this
also was not the case. The average age was nearly identical
between those committing suicide by inhaling vehicle exhaust
(45.5 € 16.4 years old [mean € standard deviation]) versus suicide
by charcoal burning (46.2 € 12.6 years old).

FIG. 1—Overall and carbon monoxide-specific suicide rate in King
County, WA, 1996–2008.

TABLE 1—Classification of carbon monoxide (CO) inhalation suicides in
King County, WA, 1996–2009.

All CO
Suicides

Vehicle
Exhaust Charcoal Other*

All Suicides
(1996–2008)

n (%) n (%) n (%) n (%) n (%)

Suicides 158 125 (79) 26 (16) 7 (4) 2748
Race

White 143 (91) 113 (90) 23 (88) 7 (100) 2413 (88)
Black 6 (4) 4 (3) 2 (8) 0 (0) 102 (4)
Asian 7 (4) 6 (5) 1 (4) 0 (0) 180 (7)
Other 2 (1) 2 (2) 0 (0) 0 (0) 53 (2)

Gender
Male 116 (73) 87 (70) 22 (85) 7 (100) 2138 (78)
Female 42 (27) 38 (30) 4 (15) 0 (0) 610 (22)

Marital Status
Married 51 (32) 44 (35) 6 (23) 1 (14) 814 (30)
Not married 107 (68) 81 (65) 20 (77) 6 (86) 1934 (70)

Age
<20 1 (1) 1 (1) 0 (0) 0 (0) 135 (5)
20–39 58 (37) 51 (41) 7 (27) 0 (0) 971 (35)
40–59 74 (47) 53 (42) 16 (62) 5 (71) 1096 (40)
60–79 16 (10) 12 (10) 2 (8) 2 (29) 374 (14)
>79 9 (6) 8 (6) 1 (4) 0 (0) 172 (6)

*Other sources of carbon monoxide were: gasoline-powered generator
(n = 4), lawn edger (n = 2), and lawn mower (n = 1).
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While the overall incidence of suicide by CO poisoning has
remained relatively constant, a trend was seen over the period
1996–2009 toward a decrease in suicide by inhalation of automo-
tive exhaust, with a corresponding increase in suicide by charcoal
burning (Fig. 2). The overall trend was toward an increasing pro-
portion of all CO inhalation suicide to occur by charcoal burning;
in the most recent year of the study (2009), 40% of all CO suicides
were because of this method (Fig. 3). Univariate logistic regression
demonstrated a statistically significant increase over time in the
probability of suicide from charcoal burning as opposed to other
CO sources (p = 0.00026). The dashed logistic function in Fig. 3
shows the estimated increase in the probability of suicide from
charcoal burning derived from this model. In a multivariate analysis
controlling for possible effects of gender, age, marital status, and
race on the probability of charcoal-burning suicides, the statistically
significant increase over time persisted (p = 0.0015). No other co-
variate was a significant predictor of the method of CO inhalational
suicide.

Discussion

Suicide by inhalation of charcoal fumes represents a develop-
ing trend in parts of Asia, with c. 25% of all suicides in Hong

Kong and Taiwan occurring by this single method. We sought to
determine whether a similar trend is developing in the U.S. popu-
lation of King County, Washington, which is an urban center
with a significant Asian population. We determined that suicide
by charcoal burning is increasing in King County and is corre-
lated with a decrease in suicide by inhalation of automotive
exhaust. While charcoal-burning suicide remains infrequent in
King County, representing <1% of total suicides, it is signifi-
cantly increasing in incidence and was responsible for c. 40% of
all CO inhalation suicides in the most recent years studied. In
our population, charcoal-burning suicides occurred mostly in
white men, paralleling overall suicide trends in King County.
Despite the charcoal-burning suicide trend that has been reported
in Asia, we did not find a large number of suicides by this
method in Asian individuals in King County. However, it is con-
ceivable that the sizeable Asian population in King County may
have contributed to knowledge of the charcoal-burning suicide
method among non-Asians.

The trend toward an increase in charcoal-burning suicide is
likely influenced by several factors, including the decreased toxicity
of automobile exhaust because of the nearly universal use of cata-
lytic converters. While the exhaust of gasoline-powered tools
remains highly toxic, relatively few suicides occurred from inhala-
tion of tool exhaust, possibly because of lack of awareness of the
toxicity of this type of exhaust and the relatively limited ownership
of gasoline-powered tools in a largely urban population. However,
charcoal is readily available and produces fumes that are highly
toxic. Requiring only an enclosed space, charcoal briquettes, and a
receptacle in which to burn them, suicide by charcoal burning is
additionally inexpensive and convenient. This method is also con-
sidered relatively painless, with inhalation of sufficiently high con-
centrations of CO leading to unconsciousness within minutes.
Therefore, charcoal burning is likely to appeal strongly to individu-
als seeking to end their life with a minimum of effort or discom-
fort, which also represents a population in whom suicide might be
most readily prevented. Accordingly, implementation of charcoal-
suicide control measures, as has occurred in Asia, may prove nec-
essary in the United States as well.

The high incidence of charcoal burning as a means of CO
inhalation suicide in King County is in stark contrast to reported
historical trends across the United States: a study by Mott et al.
(5) determined that during the period 1968–1998, >99% of CO
suicides in the United States occurred by inhalation of vehicle
exhaust. Notably, the period analyzed by that study was prior to
the sharp increase in charcoal suicide in Hong Kong and largely
predates the time period investigated by the present study as
well. Our finding that charcoal-burning suicide is increasing may
represent a shift that is unique to the population of King
County; however, the trend may also reflect a more widespread
change in U.S. suicide trends analogous to that which has been
seen in Asia. In addition, even though a high incidence of char-
coal-burning suicide was first noted in Asian populations, we
found that suicide by this method in King County occurred pri-
marily among white males, indicating that the trend is not
restricted to a single region or demographic group. Thus, surveil-
lance of additional populations is needed to determine whether
charcoal-burning suicide represents a developing epidemic in the
United States.
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FIG. 2—Classification of carbon monoxide suicides in King County, WA,
1996–2009.

FIG. 3—Percentage of carbon monoxide (CO) suicides because of char-
coal burning in King County, WA, 1996–2009. The dashed line represents
the logistic regression function, which indicates a statistically significant
increase over time in suicide from charcoal burning as opposed to other
CO sources (p < 0.005).

654 JOURNAL OF FORENSIC SCIENCES



References

1. Prockop LD, Chichkova RI. Carbon monoxide intoxication: an updated
review. J Neurol Sci 2007;262:122–30.

2. Denning DG, Conwell Y, King D, Cox C. Method choice, intent, and
gender in completed suicide. Suicide Life Threat Behav 2000;30(3):
282–8.

3. Lester D. The effects of detoxification of domestic gas on suicide in the
United States. Am J Public Health 1990;90(1):80–1.

4. Kreitman N. The coal gas story: United Kingdom suicide rates, 1960–
71. Br J Prev Soc Med 1976;30:86–93.

5. Mott JA, Wolfe MI, Alverson CJ, Macdonald SC, Bailey CR, Ball LB,
et al. National vehicle emissions policies and practices and declining US
carbon monoxide-related mortality. JAMA 2002;288:988–95.

6. Vossberg B, Skolnick J. The role of catalytic converters in automobile
carbon monoxide poisioning. Chest 1999;115:580–1.

7. Prahlow JA, Doyle BW. A suicide using a homemade carbon monoxide
‘‘death machine.’’ Am J Forensic Med Pathol 2005;26:177–80.

8. Chung WSD, Leung CM. Carbon monoxide poisoning as a new method
of suicide in Hong Kong. Psychiatr Serv 2001;52(6):836–7.

9. Liu KY, Beautrais A, Caine E, Chan K, Chao A, Conwell Y, et al.
Charcoal burning suicides in Hong Kong and urban Taiwan: an illustra-
tion of the impact of a novel suicide method on overall regional rates. J
Epidemiol Community Health 2007;61:248–53.

10. Mesoudi A. The cultural dynamics of copycat suicide. PLoS ONE
2009;4(9):1–9.

11. Sudak HS, Sudak DM. The media and suicide. Acad Psychiatry 2005;
29(5):495–9.

12. Pan Y, Liao S, Lee M. Suicide by charcoal burning in Taiwan, 1995–
2006. J Affect Disord 2009;120:254–7.

13. Kamizato E, Yoshitome K, Yamamoto Y, Iwase T, Tsuda T, Miyaisi S,
et al. Factors affecting the choice of suicide method in Okayama: a data-
base analysis from a forensic perspective. Acta Med Okayama 2009;
63(4):177–86.

14. Brooks-Lim EWL, Sadler DW. Suicide by burning barbecue charcoal:
three case reports. Med Sci Law 2009;49(4):301–6.

15. Hartwig S, Tsokos M. Suicidal and accidental carbon monoxide poison-
ings due to charcoal fires in closed spaces. Arch Kriminol 2008;222:1–
13.

16. Wirthl I, Schulz R, Schmeling A. Suicide by means of a charcoal grill.
Casuistic report with review of the literature. Arch Kriminol 2008;221:
129–37.

17. 2000 United States Census, http://www.census.gov/main/www/cen2000.
html.

Additional information—reprints not available from author:
Richard C. Harruff, M.D., Ph.D.
Chief Medical Examiner
King County Medical Examiner’s Office
325 Ninth Ave
HMC Box 359792
Seattle, WA 98104-2499
E-mail: richard.harruff@kingcounty.gov

SCHMITT ET AL. • SUICIDE BY CARBON MONOXIDE INHALATION 655


