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ABSTRACT: Three related homicides in which each decedent had
significant concentrations of chloroform in blood, fat, brain and/
or liver are described. The tissue concentrations of chloroform in
one of three decedents were within reported lethal ranges. The
concentrations in the remaining two decedents were less than lethal
but were well above blood levels in nonoccupationally exposed,
healthy subjects. The cause of death in one decedent with sublethal
chloroform concentrations was suffocation; the cause of death in
the other decedent could not be determined with certainty. The
manner of death in each case was homicide. Through a review of
the literature the authors discuss the history of chloroform as an
inhalation anesthetic and the history of chloroform as an agent of
abuse, suicide, assault, and homicide. Blood and/or tissue concen-
trations of chloroform in nonoccupationally exposed, healthy sub-
jects and victims of suicide or homicide from previous reports are
compared and contrasted with the amounts in blood and/or tissue
in the three subjects described in this study. The authors conclude
that, in addition to a direct lethal effect, chloroform may be used
to incapacitate a victim of assault who then dies by another cause.
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Chloroform has contemporary application in industry and the
laboratory as a solvent and chemical intermediate but is historically
well known as a nineteenth and twentieth-century inhalation anes-
thetic. The central nervous system depressant effect has allowed for
the nontherapeutic but intentional use of chloroform for recreation,
suicide, assault, and homicide. In this report we describe three
related homicides facilitated or directly caused by chloroform and
the literature is reviewed.

Case Reports

A 28-year-old white male independent insurance salesman living
in Columbia, Missouri, had elderly clients in numerous counties
throughout mid- and eastern Missouri. He did not have a permanent
office and sold insurance by traveling to the homes of potential
customers. He was on probation for burglary and had a history of
petty theft in California, check fraud in Missouri and cocaine and
weapons offenses in Illinois.
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Case #1

On December 17, 1992, the salesman attempted to cash a $5,000
check allegedly written to him by an 85-year-old white female
resident of a nearby small college town. The local bank refused
to cash the check because the signature on the check did not match
the signature of record. The bank notified the local police on
December 18 and officers dispatched to the house found the woman
dead on the kitchen floor. The front door was ajar and there was
a partially eaten plate of food on a tray in the living room. The
home was otherwise entirely in order. In light of the check-cashing
attempt of the previous day, an autopsy was ordered and performed
on the same day. The police elected to delay further investigation
until the autopsy results were reported.

On January 7, 1993, the same salesman attempted to sell an
annuities plan to an 84-year-old white female in her home in a
small eastern Missouri town. She refused his pitch. Later that day
the salesman returned to the woman’s home, brandished a gun and
threatened to kill her. He then displayed a small, liquid-filled
bottle, moistened a handkerchief with the contents of the bottle
and forcefully placed it over the mouth and nose of the elderly
woman. She awoke approximately one-half hour later and called
the police. A warrant was issued for the arrest of the insurance
salesman.

Case #2

On the evening of January 8, 1993, a 72-year-old white female
living independently in a small northeastern Missouri town was
on the telephone with a friend. She told her friend that someone
was at the door and then put down the phone to go to the front
door. She then returned to the phone and told her friend that she
would call back later. The call was not made and the friend on
the telephone later reported no suggestion of stress or other abnor-
mality in the other woman’s voice. On January 9 the woman failed
to appear for volunteer work at the local senior center. The police
were called and search of the woman’s home revealed the front
door ajar, house lights on, two canes in the house (recent history
of hip replacement) and previously frozen meat and orange juice
left to thaw on the kitchen table. The woman (dead or alive) was
not present.

The salesman was arrested at his home in a Columbia apartment
complex on January 9. In his car the police discovered a list of
several hundred names, a paint pellet gun resembling a semiauto-
matic pistol, a small, empty bottle and a purse belonging to the
woman described in Case #2.
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Case #3

Law enforcement officers began to review the lengthy list of
clients or potential clients. In addition to the names of the three
previously described clients, they discovered the name of a 78-
year-old white male from a small mid-Missouri town who had
been found dead and extensively decomposed at home on the
previous August 18, 1992. There was a week’s accumulation of
mail in the mailbox. The county coroner had ruled the manner of
death as natural without investigating the scene or performance
of an autopsy. The decedent had written a total of $15 000 in
checks to the insurance salesman but no insurance policy had ever
been issued. The body was exhumed and an autopsy was performed
on January 15, 1993.

Also on January 15 the frozen body of the woman described in
Case #2 was discovered at the edge of the ice-packed Missouri
River in central Missouri, approximately ten miles from Columbia
and approximately 125 miles from her home in northeastern Mis-
souri. An autopsy was performed on January 17 after the body
had thawed.

On January 21 law enforcement officers searched a storage
locker used exclusively by the insurance agent at his apartment
complex and discovered a one-gallon bottle of chloroform. On
January 25 the insurance agent was charged with first degree
murder for the death of the woman described in Case #2.

Autopsy Results

Autopsies on the decedents in Cases #2 and #3 (performed on
January 17 and 15, respectively) included toxicologic studies for
the usual drugs of abuse. Chloroform and ether were empirically
considered by police and pathologists as chemicals warranting
specific assay given the history of assault with a liquid-soaked
handkerchief. Laboratory investigation began with assays for chlo-
roform on blood, fat, and brain from Case #2 and fat, brain, and
liver from Case #3. Only blood was available for analysis from
the December 18 autopsy of the decedent in Case #1. Studies for
ether were not pursued after discovery of a large supply of chloro-
form among the insurance salesman’s possessions.

Final anatomic diagnoses and toxicology results are listed in
Table 1. Chloroform levels were determined by a reference labora-
tory utilizing head space gas chromatography [/,2]. Blood speci-
mens from Cases #1 and #2 were free of the usual drugs of abuse.
Blood was not available for analysis in Case #3.

The cause of death in Cases #1 and #3 was undetermined. The
cause of death in Case #2 was suffocation by compression of the
chest or occlusion of the airway and blunt impact injuries to the
head and chest were contributing factors. The manner of death in
each case was homicide.

Discussion

Anesthetics (volatile and nonvolatile) are drugs that interfere
with nervous system function to eliminate reflex responses to
external stimuli (especially painful stimuli) and reduce muscle
tone. Volatile anesthetics provide analgesia while nonvolatile
agents may or may not provide analgesia. Dose-dependent changes
in central nervous system function are classically related to four
stages of anesthesia. Analgesia is attained in stage I (with volatile
drugs) and consciousness is lost in stage II. Stage III provides a
level of anesthesia appropriate for surgery and is divided into four
planes. These range from a state with preservation of muscle tone
(plane 1) to a state with abolition of reflexes and complete muscle

relaxation with absent intercostal muscle activity and reduced dia-
phragmatic excursion (plane 4). The medulla is inactive in stage IV
of anesthesia. The respiratory center is depressed and spontaneous
respiratory activity is absent [3].

Chloroform (CHCI3, trichloromethane, methenyl trichloride) is
a clear, colorless, sweet-smelling, strongly lipophilic, volatile lig-
uid with no endogenous production. It was first synthesized in
1831 independently by Guthrie in the United States, Souberain in
France and von Liebig in Germany. In 1847 James Y. Simpson,
M.D., an obstetrician of Edinburgh, Scotland, first used chloroform
as an inhalation anesthetic during childbirth [4]. Soon thereafter
chloroform became a popular and widely used anesthetic agent.

Over the ensuing decades it became clinically evident that
although chloroform produced excellent anesthesia, its use was
accompanied by a significant risk of hepatic toxicity, myocardial
depression, and cardiac arrythmia. Cardiac arrhythmias were sec-
ondary to cardiac sensitization to catecholamines [5]. In 1912 a
committee of the American Medical Association recommended
that the use of chloroform as an anesthetic for both major and
minor operations cease. The committee cited the unpredictable
occurrence of hepatic necrosis and ventricular fibrillation [6], how-
ever, the use of chloroform as a surgical anesthetic continued until
1957 [7].

Currently, the presence of chloroform in blood is not restricted
to people with known exposure in the laboratory or industrial
workplace. It has been detected in the exhaled breath or blood of
subjects without known occupational exposure and has been related
to the presence of chloroform and other volatile organic compounds
in air, chlorinated tap water (especially hot water and swimming
pools), other beverages (especially soft drinks) and food [8—72]. We
are aware of four studies using gas chromatography that document
blood levels of chloroform in subjects without known occupational
exposure [8,9,12,13]. There was a total of 241 subjects and a blood
chloroform range of <0.0000955 to 4.0 mcg/mL. If one excludes
three outlying values from one study (0.205 mcg/mL, 2.9 mcg/
mL and 4.0 mcg/mL) [8] the blood chloroform range in 238 sub-
jects was <<0.0000955 to 0.085 mcg/mL (Pfaffenberger and Peo-
ples [8] attribute the three elevated blood chloroform levels to
acute exposure of unknown etiology and there is no mention of
altered mental status.) The results of each study are listed in Table
2. The range of very low blood chloroform levels listed in Table
2 could be considered “physiologic” in the industrialized twenti-
eth century.

Fry et al. reported the blood concentrations of chloroform after
intentional oral administration of chloroform in 12 willing subjects
[14]. The peak concentrations ranged from 1 mcg/mL-5 mcg/
mL (gas chromatography). Alteration in mental status was not
mentioned for any of the subjects.

Nonphysiologic levels of chloroform from the medical or non-
laboratory, nonindustrial use of chloroform are due to the drug’s
ability to rapidly produce dose-dependent narcosis, unconscious-
ness, surgical anesthesia or death when inhaled, ingested or
injected. There are reports in the medical literature from as early
as 1848 describing intentional inhalation, ingestion or injection of
chloroform for alteration of mood or suicide [15-26]. Articles
describing homicide related to chloroform are less common
[16,17,19,27-30]. Also, there are a few nineteenth-century reports
of chloroform used to incapacitate a victim of theft [37,32].

An “Attempted Daring Robbery by the Aid of Chloroform” was
recounted in the “Medical Facts, News, Items, Etc.” column of
The Lancet, 1850 [31]. An elderly clergyman, lodged at an hotel
in Kendal, was “awakened by the attempt of a person to render



136 JOURNAL OF FORENSIG SCIENCES

TABLE 1—Anatomic diagnoses and blood chloroform levels on cases 1, 2, 3.

Anatomic diagnoses

Toxicology (chloroform, mcg/mL) (gas chromatography)

Case #1, 85 WF, Dec. 18
1X1X1 cm focus of soft tissue hemorrhage over left
carotid artery
atherosclerotic coronary artery disease, moderate
focal atherosclerotic occlusion of small branch of LAD
angiodysplasia of the colon
Case #2, 72 WF, Jan. 17
bilateral conjunctival petechiae
facial abrasions and lip laceration
subscalpular hemorrhage
focal subarachnoid hemorrhage and focal brain
contusion
fractures of sternum and right and left ribs
multiple contusions of right and left upper extremities
and right shoulder
atherosclerotic coronary artery disease, moderate
Case #3, 78 WM, Jan. 15

BLOOD FAT BRAIN LIVER
nt nt nt
10.0 3.0 nt
42.0 46.0 24.0

atherosclerotic coronary artery disease, moderate
chronic pulmonary emphysema
marked decomposition

W = white; F = female; M = male; LAD = left anterior descending coronary artery; nt = not tested.

TABLE 2—Previous studies of blood chloroform in subjects without
known exposure (gas chromatography).

Study n Range(mcg/mL)
Peoples 1979 10 0.013-0.049
Pfaffenberger 1982 22 0.004-0.085*
Hajimiragha 1986 39 <0.0001-0.0017
Aggazzotti 1990 40 <0.000 095 5-0.003

* = Elevated chloroform levels are discussed in text and not included
in table.

him powerless by placing a cloth over his mouth; and at the time
of his rescue by those whom his cries brought to the apartment,
a strong smell of chloroform is reported to have been perceptible,
and two bottles of that substance are said to have been discov-
ered. . .. It is not the first time that an agent of good has been
converted into an agent of evil.”

An editorial in The Lancet, 1865, lamented attention given in
the popular literature of the day to the “common highwayman”
and “the fact that a highwayman can, by shaking a handkerchief
impregnated with chloroform under the nose of a victim, produce
instantaneous insensibility” [32]. The editorial contended that “it
is within the experience of medical men that anaesthesia by chloro-
form is not very quickly or very easily effected upon a noncon-
senting person, and that with the utmost resignation and good-will
some five minutes or more are requisite to produce anaesthesia.”
Each point of view was probably founded in some truth.

In 1954, a review of volatile compounds briefly mentioned
chloroform-related deaths recorded by the Office of the Chief
Medical Examiner of New York City from 1918 to 1951 [17]. The
manner of death was homicide in five cases, accident in eight
cases and suicide in 53 cases. Other details were not provided.

Forced inhalation of chloroform was implicated in two separate
homicidal deaths of 18- and 24-year-old women by Bonnichsen
and Maehly in 1966 [19], in a double homicide of a 29-year-old
man and a 23-year-old woman by McGee et al. in 1987 [29] and

in the homicide of a pregnant woman (age not given) by McIntyre
in 1988 [30].

Several of the previously cited studies document chloroform
levels in blood and other organs in persons who died secondary
to recreational, accidental, suicidal, or homicidal inhalation or
ingestion of chloroform. The values from the four studies utilizing
gas chromatography are listed in Table 3. Blood and tissue concen-
trations of chloroform from six subjects range from 30 to 180
mcg/mL.

We are aware of a single study of blood chloroform levels in
anesthetized human subjects [33]. In 1951 Morris et al. reported
a study of 58 patients in planes 1 to 4 of stage Il anesthesia. The
method of quantitation was the Fujiwara colorimetric technique,
which preceded development and use of gas chromatography. Mean
blood chloroform levels were as follows: plane 1:71 mcg/mL,
plane 2:106 pg/mL, plane 3:122 pg/mL, and plane 4:165 mcg/
mL. These values appear to be incompatible with the lethal levels
listed in Table 3. The use of different quantitation techniques
(Fujiwara and gas chromatography) may not allow for meaningful
comparison of blood and tissue chloroform levels.

Using the Fujiwara technique Gettler et al. in 1931 described
another variable which complicates comparison between studies

TABLE 3—Previous studies of chloroform in blood and other organs
in fatalities (gas chromatography).

Manner
Study of Death Toxicology (chloroform)
Blood Brain Liver
(mcg/mL) Fat (mcg/g) (mcglg)

Giusti 1981 suicide 40 nt nt nt

suicide - 30 nt 37° nt
McGee 1987 homicide 130.96 nt  54.46 63.65

homicide nt nt  133.27 123.08
Allan 1988 accident 120 nt ot nt
Kohr 1990 suicide 180 nt nt 298

nt = not tested; “ = units in original report = parts per million (ppm).



[16]. They demonstrated progressive reduction in tissue chloroform
with duration of putrefaction. There was a non-linear change with
82% recovery of chloroform at one day, 65% at three days, 49%
at six days, 31% at ten days and 18% at 42 days. The authors
suggested that the increasing alkalinity of decomposing tissue
promotes the breakdown of chloroform.

The chloroform levels from two of the three fatalities described
in this report present a contrast with the previously discussed
“physiologic” levels and lethal levels. The blood chloroform in
Cases #1 and #2 were 2.0 and 3.0, respectively, and therefore
intermediate between levels known to be physiologic and levels
known to be lethal. Extensive postmortem chloroform degradation
was probably unlikely in either instance. In Case #1 the postmortem
interval was less than one day. In Case #2 the postmortem interval
was ten days but the decedent was frozen for most of that period
and there were no signs of decomposition at autopsy. The blood
levels suggest that chloroform was used with the intent of incapaci-
tating the victim. The decedent in Case #2 demonstrated autopsy
findings of suffocation. The decedent in Case #1 demonstrated
only a soft tissue contusion of the neck over the left carotid artery
but death by suffocation cannot be ruled out. Another consideration
is a lethal arrhythmia secondary to cardiac sensitization to catechol-
amines during the assault with chloroform. Additionally, the vagal
inhibitory effect of chloroform could have been exacerbated by
pressure or trauma to the area of the carotid sinus.

The brain and liver levels of chloroform in Case #3 approach
the lethal values from other cases in Table 3. We suggest that
blood and tissue chloroform concentrations were higher at the time
of death given one week of decomposition before discovery of the
body and interment for five months without embalming. Anatomic
evidence of injury was not seen at autopsy but the examination
was compromised by decomposition. In Case #3 chloroform levels
may have been high enough to cause death without the contribution
of a physical assault.

Conclusion

We have described one non-fatal assault and three deaths linked
to a single individual and the use of chloroform, a volatile anesthe-
tic. The manner of death in each case was homicide although a
cause of death was identified in only one case (suffocation). This
small series confirms evidence presented in previous reports and
demonstrates that chloroform may be an effective and unsuspected
agent of assault or homicide, especially in the elderly.

On March 8, 1994, the insurance agent was found guilty of first
degree murder in Case #2.
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