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blood/air partition coefficients that are less than 044 (the
value for nitrous oxide) (see Gargas et al® for the correla-
tion of olive oil and blood partition coefficients), and as
such would be expected to induce any CNS effects quickly,
certainly in less than 15 minutes, as cited above ?

Recommendations for a Workplace
Exposure Limit

Atpresent the tisted TLVs for the light hydrocarbon gases
are an 8-hour TWA for butane of 800 ppm, an 8-hour TWA
for LPG of 1000 ppm, and a listing for all other C1 to C3 hy-
drocarbons that they be treated as asphyxiants While ac-
knowledging that they are lammable)

Based on the discussion above, the hydrocarbon gases
{with the exception of pure methane) are in fact fast acting,
mild narcotic agents at levels below that causing oxygen
deficiency. They also have poor warning properties; the
odor threshold of these materials is above the concentra-
tion causing physiological effects.

Therefore, it is appropriate to have maximum exposure -

limits for these materials in addition to a TWA limit. Be-
cause of the concern for flammability; and the wide availa-
bility of explosivity meters in the oil and gas industry, the
recommendation is expressed in terms of percentage of the
LEL.

It is recommended that exposure to all C1 to C3 hydro-
carbon gases be kept below an 8-hour TWA of 1000 ppmon
the basis of good industrial hygiene practice.

It is further recommended that a maximum exposure
limit of 10 percent of the LEL be established.

The second recommendation recognizes the different
potency of the hydrocarbons to induce narcosis, and takes
advantage of the different sensitivity of explosivity meters
to the different gases. While the relationship is not exact, a
meter calibrated on any of the C1 to Gf hydrocarbons will
provide a sufficiently accurate indication at 10 percent LEL
of when todon respiratory protection. Thisavoids havingto
know the composition of the gas (g, in 2 gas processing
plant where streams of variable composition are encoun-
tered) and allows an operator to make decisions quickly in
the plant.

Implications for the Workplace

The levels of hydrocarbon gas causing narcosis which
have been discussed here are very high when compared to
the TLVs for most materials. Cansuch concentrations be en-
countered in the warkplace?

In the production of oil and gas enormous quantities of
fluids are handled under pressure in many thousands of
items of equipment In addition to the many opportunities
for leaks, equipment which deliberately releases gas into
the workplace is not uncommon, and work procedures
sometime allow release of hydrocarbon gas into the work-
place These practices occur as there is a widely held per-
ception that “sweet” gas (natural gas with no hydrogen sul-
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fide present) is not harmful, a perception sometimes rein-
forced by treatment of the gas as a simple asphyxiant with
the suggestion that as long as there is adequate oxygen
present there is no health threat

Every year there are a number of deaths and incidents in
the Western Canadian oil fields as a result of exposure to
sweet hydrocarbon gases. Leak detection and repair pro-
grams have improved conditions considerably, but places
where gas levels exceeding 10 percent LEL (or 5000 ppm
measured as methane) have been found are as follows:

In oil field facilities, pneumatic equipment operated by
natural gas or by propane is sometimes vented .inside
buildings. Where it is iecessary to use hydrocarbon gas as
the power source (because of a remote location where
electricity is not available), the equipment must be vented
outside the building,

Certain equipment such as level controllers on test sepa-
rators are prone to leak In meter buildings, orifice plate
changers are common leakage points. For gas compressors
fueled by natural gas, the low-pressure fuel systems com-
monly leak (he vibration of the engine loosens the
threaded fittings often used for the fuel system).

Several work practices which can cause highexposure to

. Cl to C3 gases have been encountered. One example was

the purging of air from a compressor after repair using nat-
ural gas which was then released into the workplace Aless
obvious example was draining the water from a gas dryer;
the water was saturated with high pressure gas which
“flashed,” causing high worker exposure.

Finally, the most common occurrence where a worker
will be exposed to high levels of hydrocarbon gas Is in re-
sponding to a combustible gasalarm. As mentioned above,
it is common practice to provide warning of potential fire .
and explosion hazard by providing permanent combusu-
ble gas alarms in buildings housing expensive equipment.
There is often a two-level alarm system. When the lower
level alarm sounds, an operator will enter the building to
investigate and correct the problem. If the second level
alarm uips, the equipment will perform an emergency
shutdown including depressurizing the system and dump-
ing the contents of the equipment to flare.

The above recommendation cleady suggests that the
first level alarm be set at 10 percent of the LEL, and that the
operator wear supplied air respiratory protection whenen-
tering the buildjng to investigate the alarm.

In making this recommendation, the experlence accu-
mulated from nitrogen narcosis when diving again pro-
vides some lessons. Circumstances which increase the
effects of nitrogen narcosis when diving are anxiety, in-
experience, apprehension, and recent alcohol intake &-9
Presumably such factors will also influence the suscepti-
bility of a person exposed to hydrocarbon gases. Surely
some of these factors will be present when an operator
must respond to an alarm announcing the approach of an
explosive atmosphere, and it is at just such a time that clear
judgmeant is required.
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Sudden Snifﬁng Death Following
Inhalation of Butane and Propane:
Changing Trends'

Earl Siegel, Pharm.D.,” and Suman Wason, M.D., M.B.A.

ABSTRACT

Toxicologic information and published data under-represents the
toxicity of butane and propane as well as the number of fatalities
related to their use. A review of the literature, databases, two index
cases and several regional fatalities indicate that butane and propane
use has become a serious problem and may represent the most common
sudden sniffing death hazard in the U.S.

Key words. Inhalants; Death; Butane; Propane
SUMMARY AND CONCLUSIONS

In the United Kingdom, there have been over 1000 inhalant use deaths
reported since 1971. Currently averaging over 100 deaths annually, the majority
of these deaths resulted from butane and propane. Although retent U.S. surveys
indicate approximately one fifth of adolescents have experimented with inhalant
use, published U.S. death reports attributable to butane and propane are limited.
Reports of the American Association of Poison Control Centers’ annual data
indicate that from 1987 to 1990 there were 10, 12, 25, and 20 inhalant-related
deaths, respectively. The number caused by butane and propane for each of
those years was 1, 7, 9 and 10, respectively. Published data underrepresent the
true numbers of inhalant use fatalities related to butane and propane use for the
following reasons: (a) The circumstances surrounding death may be
misrepresented to coroners, (b) Volatiles are not easily or routinely screened for

Summary and conclusions based on NIDA Research Monograph #129, pp. 193—20!

? Send requests for reprints to Earl Siegel, Pharm.D., The Drug and Poison Information Center,
P.O. Box 670144, Cincinnati, OH 45267-0144,
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in cases of sudden sniffing death, and (c) there is no formalized registry of this
form of drug use.

In 1978, environmental concerns resulted in the replacement of most Freon
propellants with butane and propane. In 1986, the first human case of
ventricular tachycardia associated with inhalation of butane and propane was
reported.

Two recent fatalities attributed to butane and propane serve to emphasize the
potential for sudden death: (a) In March 1990, an 11-year-old boy collapsed in a
movie theater bathroom. A butane cigarette lighter fuel container and a plastic
bag were found next to him. Cardiopulmonary resuscitation proved
unsuccessful. Toxicologic analysis confirmed the presence of butane in the
patients blood and lung tissue. (b) In April 1990, a 15-year-old boy was found
unconscious in a backyard. Three companions related that the four teenagers
had taken a 20-gallon propane tank from the family gas grill, placed some of the
gas in a plastic bag and were inhaling it in order to get high. The subject
collapsed soon after inhaling the gas. Fumes, ignited by a match, resulted in a
flash fire. The patient did not sustain any burns. He could not be resuscitated.
Propane was detected in the blood and lung tissues.

Interviews with friends and school officials revealed that sniffing of butane
lighter fuel is a common practice among many children at upper middle class
schools in Cincinnati. The second subject discussed was avowedly antidrugs and
did not consider sniffing to be “drug abuse.”

Additionally, in 1991, the authors were aware of nine dramatic butane and
propane use cases in their region involving seven sudden sniffing deaths, an
explosion in a car full of huffers with multiple severe burns, a fatal auto accident
and a case of a 6-year-old imitating an older sibling. Since the abandonment of
fluorocarbons, butane and propane probably represent the most common sudden
sniffing death hazard. This is in spite of the fact that many toxicology references
list them as simple asphyxiants. Health care providers need to be aware that the
profile of the teenager who inhales volatiles is broader than only the ethnic
lower socioeconomic classes. An urgent need exists for preventative efforts
directed at adolescents and pre-adolescents and their parents, with emphasis on
the risk of sudden sniffing death. :

—582—




'ON
this

‘eon
of
was

the
ina
stic
ved
the
und
zers
"the
ject

ted.

lent
t of
den
ces
the
nic
arts
on

4 ;_..-"
-
z
),
o
I
2

i N EALA
o IR e

iii

M B

SUDDEN SNIFFING DEATH FOLLOWING INHALATION OF BUTANE

Décés soudains dus a Pinhalation de butane ou de
propane : tendances

E. Siegel, Pharm.D., et S. Wason, M.D., M.B.A.

L’information toxicologique et les données publiées sous-estiment la
toxicité du butane et du propane, ainsi que le nombre d’accidents
mortels liés & leur usage. Un passage en revue de ce qui a €té publié,
des bases de données, deux index de cas et plusieurs accidents mortels
régionaux indiquent que Iutilisation du butane et du propane est
devenue un sérieux probléme susceptible de réprésenter le risque de

mort soudaine par inhalation le plus fréquent aux Etats-Unis.

Plotselinge dood volgend op het inhaleren van
butaan en propaan: Veranderende trends

E. Siegel, Pharm.D., en S. Wason, M.D., M.B.A.

1879

Toxicologische informatie en gepubliceerde gegevens
onderrepresenteren de toxiciteit van butaan en propaan, alsmede het
aantal overlijdensgevallen als gevolg van het gebruik van deze
middelen. Een literatuuroverzicht, gegevensbestanden, twee index
gevallen en verschillende regionale overlijdensgevallen indiceren dat
butaan en propaan een ernstig probleem is geworden, en het meest
voorkomende risico vormt op plotselinge dood door snuiven in de

Verenigde Staten.

—583—



1880 : ' SIEGEL AND WASON

Muerte Repentina Tris la Inhalacién de Butano y
Propano: Tendencias Cambiantes

E. Siegel, Pharm.D,, y S. Wason, M.D., M.B.A.

Informacién toxicolégica y los datos publicados subestiman la
toxicidad y el nimero de fatalidades relacionadas con el uso de butano
Yy propano. La revision de literatura al respecto, bases de datos, dos
casos indice y las circunstancias de varias fatalidades regionales
indican que el'uso de butano y propano se ha vuelto un problema serio;
problema que puede incluso representar el més comin peligro de
muerte repentina por inhalacién en los Estados Unidos.

Morte siibita suscedendo inalacdo de butano e e
propano: tendéncias variaveis.

E. Siegel, Pharm.D., e S. Wason, M.D., M.B.A.

Informagdo tecnolégica e dados publicados sub-representam a
toxicidade do butano e do propano, bem como o nimero de mortes
relacionadas com o seu uso. Uma revisio da literatura, bases de dados,
dois casos arquivados e vérias mortes na regido indicam que o uso de
butano e propano tornou-se um problema sério e pode representar o
risco mais comum de morte stbita nos EUA.
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SUDDEN SNIFFING DEATH FOLLOWING INHALATION OF BUTANE 1881

Tod durch Inhalation von Butan und Propan:
wechselnde Trends :

E. Siegel, Pharm.D., en S. Wason, M.D., M.B.A.

Toxikologische Information und publizierte Daten unterschitzen die
Toxizitdt von Butan und Propan sowie die Zahl der Todesfille in
Zusammenhang mit deren Gebrauch. Eine Literaturiibersicht und
Statistiken deuten darauf hin, dass Butan- und Propankonsum ein
emstes Problem geworden ist und die héufigste Ursache des sniffing
death in USA sein kénnte.

Sudden Sniffing Death Following Inhalation of
Butane and Propane: Changing Trends

E. Siegel, Pharm.D., e S. Wason, M.D., M.B.A.

Le informazioni e le pubblicazioni tossicologiche, danno scarsa
rilevanza sia alla tossicita’ del butano e del propano che al numero di
morti correlate al loro uso. Uno studio particolareggiato su molte morti
in varie regioni, indica che butano e propano sono diventati un serio
problema e possono diventare il piuv’ comune pericolo di morte
improvvisa negli Stati Uniti.
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Sudden Death Due to Butane Inhalation

Timothy P. Rohrig, Ph.D.

Sudden death due to the inhalation of halogenated hy-
drocarbons is a well-documented phenomenon in the sci-
entific and medical literature. Recently, there has been
sporadic information suggesting that nonhalogenated hy-
drocarbons may cause potentially fatal cardiac arrhyth-
mias. This report documents five sudden deaths due to

inhalation of nonhalogenated hydroearbons: n-butane, -

isobutane and propane. The hydroearbons were identi-
fied by headspace gas chromatography in blood, brain,
and lung tissue. Case histories, toxicologieal findings
and analytical procedures are discussed.

Key Words; Sudden death—Hydrocarbons—Butane—
Inhalation.
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The practice of deliberately sniffing or inhaling
the contents of aerosol cans in order to get ‘‘high”*
has become increasingly popular among today’s
youth. The propellants most commonly found in
these cans are chloro-fluoro-hydrocarbons, com-
monly known by their trademark name, Freon.
Sudden death resulting from this practice was re-
ported on by Bass in 1970 (1). It is well docu-
mented in the scientific and medical literature that
the mechanism of death is the induction of cardiac
arrhythmias (2).

In the late 1970s, there was a call for the ban of
halogenated hydrocarbons as propellants in aerosol
products (3) becausc of the apparent damage
caused by these compounds to the earth’s ozone
layer. These compounds were replaced, in these
products, by propane, n-butane, isobutane, and iso-
pentane. In 1982 (4), aliphatic hydrocarbons were
considered to be safe as aerosol propcllants, al-
though, it was also noted that acute inhalation of

high concentrations of these compounds could

causc epinephrine-induced cardiac arrhythmias. In
a limited human study reported in that same article,
no cardiac abnormalities were observed.

In 1986 (5), there was a report of a 2-year-old
girl who presented with seizures and ventricular
tachycardia after ‘‘playing’’ with an aerosol can
containing isobutane, n-butane, and propane. She
requircd intensive care and survived without se-
quelae. Another episode of a nonfatal cardiac ar-
rhythmia was reported in 1989 (6). A 15-year-old
boy had 8 history of sniffing butane. On one such
occasion, he experienced severe chest pain and sud-
denly collapsed. Cardiopulmonary resuscitation
(CPR) was started, and when he presented at the
hospital, he was in ventricular fibrillation. He was
treated and ultimately released without adverse ef-
fects. One of the earliest reported deaths associated
with butane inhalation was reported in the Japanese
literature in 1985 (7). A 13-year-old Japanese boy,
after several inhalations from a bag containing
lighter refill gas, suddenly collapsed and died. Pro-
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TABLE 1. Gas chromatographlc conditions for butane analysis

T. P. ROHRIG

Column 6' porapak Q 80/100 mesh 30 m GSQ megabore
Column temp 110°C isothemmal 125 (7)-200 (5) C @ 5°C/min
Injector temp 150°C 150°C

Detector FID FID

Detector temp 300°C 300°C

FID; flame ionization detector.

pane, n-butane, and isobutane were detected in his
blood and tissues. A limited number of other deaths
due to butane inhalation have since been reported
in the literature (8,9).

The present report describes the postmortem tox-
icologic findings and case histories in five fatalities
resulting from inhalation of butane.

CASE REPORTS

Case 1

A 15-year-old white boy was riding in a car with
two friends. They all were purportedly inhaling the
contents of a Ronson butane lighter refill canister
when the decedent suddenly lost consciousness. He
was taken to a nearby police department where re-
suscitation was begun; he was subsequently taken

6° PORAPAK Q 80/100 MESH
ISOTHERMAL @ 110 °C

ISOBUTANE
4.35

— 5.39
BUTANE

PROPANE

GAS CHROMATOGRAPHIC SEPARATION
OF
LIGET HYDROCARBONS

FIG. 1. Gas chromatographic separation of light hydro-
carbons.
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to a hospital via ambulance where resuscitation ef-
forts were continued for ~1.5 h before he was pro-
nounced dead.

Case 2

A 17-year-old white man was inhaling ‘‘Scotch-
guard” from a.glove. According to witnesses, he
apparently went into respiratory arrest immediately
after inhaling. The two friends he was with sum-
moned his father who attempted CPR while await-
ing the arrival of an ambulance. He was taken to a
local Emergency Department where resuscitation
was continued, but no response was obtained.

Case 3 :

A 15-year-old white boy had a history of *‘huff-
ing’’ butane. On the night of his death, the dece-
dent’s brother and a friend stated that he took “*‘four
large hits of butane’’. After he took his last *‘hit”’,
he collapsed onto the floor and began having a sei-
zure. Emergency medical services (EMS) was im-
mediately notified and transported the boy to a
nearby hospital where he was pronounced dead.

Case 4

A l4-year-old white boy was found by his
mother lying on his bedroom floor gasping for
breath; shortly thereafter he went into respiratory
arrest. A partially empty can of butane was found
on the bed and four or five additional cans of bu-
tane were in the bedroom. EMS was called, and the
boy was dead-on-arrival (DOA) at the hospital. Ac-
cording to his parents, the decedent had not used
drugs and had only consumed alcohol on occasion.
However, 1 week prior to his death, his friends had
brought him home in a ‘‘semiconscious state”’. It
was never determined what caused the stupor. It
was also noted that the morning before his death,
the decedent had been in a deep sleep from which
his mother had been unable to arouse him.

Case 5

A 15-year-old white boy died 13 h after inhaling
the contents of a *‘Zippo’’ butane lighter refill can-
ister. The decedent and three other friends had re-
portedly purchased three cans of the butane and
driven about while inhaling the fumes. The teens
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|
30 M GSQ MB * quot of blood (vial filled half way for tissue) was

125(7) - .
(7) - 200(5) € 5 “cioe placed in a 20-ml headspace vial and heated at

60°C for a minimum of 30 min. A 1-ml headspace
sample was injected into the gas chromatograph.
Gas chromatographic conditions are given in Table
1. The chromatographic performance of propane,
n-butane, and isobutane under the prescribed con-
ditions is illustrated in Figs. 1 and 2. All cases were
screened for ethyl alcohol by gas chromatography
and acidic, basic and neutral drugs by a combina-
tion of thin-layer chromatography, gas chromatog-
raphy, and immunoassay.
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One or more light aliphatic hydrocarbons (n-bu-
tane, isobutane, and propane) were detected in
blood, brain, and lung tissue in Cases 1-4. The spe-
cific compounds detected in each case are presented
in Table 2. Given the extensive medical interven-
tion and time of onset of symptoms to death, spec-
imens were not collected for analysis in Case 5.

Brain tissue generally had the highest amount of
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FIG. 2. Gas chromatographic analysis of blood, brain, and
tissue.

arrived at the decedent’s home, where he then
stepped out of the automobile and immediately col-

~ lapsed. EMS was notified and, while awaiting the

arrival of the ambulance, two neighbors, who were
registered nurses, administered CPR. He was taken
to a hospital, placed on a ventilator, and given sup-
portive care until he died. According to the dece-
dent’s friends, he had a history of butane inhalation.

ANALYTICAL PROCEDURES

Propane, n-butane, and isobutane were identified
by headspace gas chromatography. A 2-5 ml ali-

the hydrocarbons detected. The number of plus
signs in Table 2 indicates the relative concentration
of each compound.

Other toxicological testing in these cases was
negative.

In consideration of the circumstances surround-
ing the deaths and the absence of any anatomical
or histological evidence as to the cause of death,
deaths were certified as toxic effects of butane in-
halation (Cases 1, 3-5) and toxic effects of inha-
lation of volatile substances (Case 2); death in all
cases was considered to be accidental.

DISCUSSION

Inhaling the contents of canned aerosol products
to get ‘‘high’’ has been a common 20th century

TABLE 2. Details of sudden death due to “butane” inhalation

Age (yr) Race/sex Product Compounds detected® Signs/symptoms

15 WM Ronson butane  Butane +++ Sudden collapse

lighter refill Isobutane ++
Propane +

17 WM Scotch Guard Butane Respiratory arrest

15 WM Ronson butane Butane + Four “hits" seizures
lighter refili Isobutane +++

14 WM Ronson butane Isobutane Found down
lighter refill

15 ' W/M Zippo butane Not determined Sudden collapse
lighter refili

*The number of plus signs indicates the relative amount of each compound.

Am J Forensic Med Pathol, Vol. 18, No. 3, 1997
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practice among certain groups. The common pro-
pellants in these cans, up until the late 1970s, were
halogenated hydrocarbons. Resulting from the
abuse of these aerosol products, numerous deaths
occurred, described by Bass (1) and others (2,8,9)
as ‘‘sudden sniffing deaths’’.

With the change of propellants to nonhalogen-
ated compounds along with the known cardiac tox-
icity of such chemicals at high concentrations in
animals, one could expect an increase in mortality
due to these compounds. This report documents the
sudden death, presumably through a cardiac dys-
rhythmic mechanism (given the history), of five in-
dividuals who were abusing these light aliphatic
nonhalogenated hydrocarbons.
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Abstract

We report three cases of sudden death due to inhalation of portable cooking stove fuel {case 1), cigarette lighter fuel (case 2),
and liquefied petroleum gas (LPG) (case 3). Specimens of blood, urine, stomach contents, brain, heart, lung, liver, kidney, and fat
were collected and analyzed for propylene, propane, isobutane, and n-butane by headspace gas chromatography. n-Butane was
the major substance among the volatiles found in the tissues of cases 1 and 2, and propane was the major substance in case 3. A
combination of the avtopsy findings and the gas analysis results revealed that the cause of death was ventricular fibrillation
induced by hard muscle exercise after gas inhalation in cases 1 and 2, and that the cause of death in case 3 might be hypoxia. 1t is
possible that the victim in case 3 was under anesthetic toxicily of accumulated isobutane which is a minor component of liquefied
petroleum gas. .
© 2004 Elsevier Ireland Lid. All rights reserved.

Keywords: Portable cooking stove fuel; Cigaretie lighter fuel; Liquefied petroleum gus (LPG); Butane ubuse; Propane abuse; Volatile
substance abuse

1. Introduction 2. Case reports

Abuse of gas fuel is spreading among the youth in Japan. o Case 1: A 24-year-old man rushed out of his room on the
Cigarette lighter refills containing butane are the most third floor in the apartment, ran down the staircase at his
frequently abused, and other frequently abused includes full speed, and collapsed. He was taken to an emergency
butane-containing cans for portable cooking stoves. Abuse room but died. Investigators found 24 cmpty cans with a
of liquefied petroleum gas (LPG) which contains propane as capacity of 250 g volatile liquid for portable cooking
a major component is rare and usually not fatal. stovc on the floor in his room.

Three cascs of sudden death after inhalation of these gas The victim was 166 cm in hcight and weighed 54.7 kg.
fuels were investigated. Body fluids and tissues of the three The rigor mortis was strong at the time of autopsy. The
decedents were analyzed for propylcne, propane, isobutane, heart weighed 308 g and showed no fibrosis or cvidence of
and z-butane for the investigation by head space gas chro- myocardial infarction. The left and right lungs weighed 276
matography. and 308 g, respectively, showing slight congestion. The

brain weighed 1350 g and showed no anatomical abnorm-
———— alities. The other organs showed no anatomical abnorm-
" Corresponding author. alities but showed evidence of congestion.

0379-0738/$ — see front matter © 2004 Elsevier Ireland Lud, All rights reserved.
d0i:10.1016/.forsciing.2004.02.038
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e Case 2: A 14-year-old boy and his four friends put

cigarette lighter oil in vinyl bags and inhaled the gas.

He kicked one of the friends in the abdomen and suddenly
fell down. He was taken to a hospital by an ambulance but
died despite resuscitation. Police officers found 13 butane
lighter refill canisters at the scene.

The victim was 170 cm in height and weighed 87.8 kg.
The rigor mortis was strong at the time of autopsy. The
heart weighed 336 g and showed no fibrosis or evidence
of myocardial infarction. The left and right lungs
weighed 491 and 776 g, respectively, showing marked

congestion. The brain weighed 1400 g and showed no

anatomical abnormalities. The liver weighed 2090 g and
showed mild fatty degenerations. The other organs
showed no abnormalities but showed evidence of con-
gestion.

e Case 3: A 19-year-old man who lived alone was found
dead in his room, holding a hose for LPG in his hand
pressing it against his right cheek.

The victim was 168 cm in height and weighed 50.9 kg.
The rigor mortis passed off at the time of autopsy. The

heart weighed 247 g and showed no fibrosis or evidence

of myocardial infarction. The left and right lungs
weighed 392 and 349 g, respectively, showing marked
congestion. The brain weighed 1440 g and showed no
anatomical abnormalities. The liver weighed 1070 g and
showed mild fatty degenerations. The other organs
showed no abnormalities but showed evidence of con-
gestion.

3. Toxicological findings
3.1. Materials and methods

The specimens of blood, urine, stomach contents, brain,
heart, lung, liver, kidney, and fat tissues were collected and
analyzed for propylene, propane, isobutane, and n-butane by
the method of Terada et al. [I] and Ago et al. [2] using
headspace gas chromatography.

One milliliter or 1.0 g of the specimens was mixed with
2.0mL of water in a 10 mL vial. The vial was sealed
immediately with.a Teflon cap and kept warm in a water
bath at 55 °C for 30 min. After equilibrating to room tem-
perature, 1.0 mL head space sample from the vial was
injected into the gas chromatographic instrument.

The gas contents were determined on a Shimadzu GC-
17A gas chromatograph equipped with a flame ionization
detector. Separation was achieved on a capillary column
(GS-Q, 30m x 0.53 mm i.d.). The column temperature was
raised after injection from 125to 150 °C at a 5 °C/min rate.
The temperature of injection port and of the detector was 150
and 200 °C, respectively. The flow-rate of helium carrier gas
was adjusted to 5.8 mL/min. The chromatogram of the
standard gases (1.0% each of ethylene, ethane, propylene,
propane, isobutane, and n-butane; GL Sciences, Tokyo) is
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Fig. 1. Gas chromatogram of a standard mixture of six gases.
Peaks: 1, ethylene; 2, ethane; 3, propylene; 4, propane; S,
isobutane; and 6, n-butane.

shown in Fig. 1. The concentrations in the sample fluids or
tissues were determined as reported by Terada et al. [1] and
Ago et al. {2). The absolute calibration curve was con-
structed by plotting the peak areas of 0, 0.1, 0.5, 1, 5, 10,
and 50 pL/mL, which was linear in this range. The Triage®
plate (Biosite Diagnostics, San Diego, CA) was used for the
detection of the metabolites of eight classes of drugs (phen-
cyclidines, benzodiazepines, cocaine, amphetamines, tetra-
hydrocannabinol, opiates, barbiturates, and tricyclic
antidepressants) in urine.

3.2. Results

As Fig. 2 shows, each peak of the volatiles from the tissue
specimens was sharp with no interfering peaks. Table I
shows the concentrations of propylene, propane, isobutane,
and n-butane in all the specimens analyzed. n-Butane was
the major species among the volatiles found in the tissues of
cases 1 and 2, and propane was the major in case 3.

The n-butane concentration was high in fat, heart, blood,
stomach contents, and brain in this order in case 1; in case 2,
that was high in liver, brain, heart, and kidney in this order. In
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Fig. 2. Gas chromatograms of the tissue samples from case 1(left), case 2 (middle), and case 3 (right). Peaks: 3, propylene; 4, propane; 5,

isobutane; and 6, n-butane.

case 3, the propane concentration was high in liver, fat,
brain, and heart in this order. A certain amount of isobutane
was found in various tissues in the three cases. Trace
amounts of propylene was detected in some tissues of case
3 but was not detected in cases 1 and 2.

Ethanol was not detected in their blood and urine speci-
mens. The abused drug screening test of Triage® on the
three urine specimens gave negative results.

4. Discussion

The components of the gas samples are as follows accord-
ing to the manufacturers: refill can for oven (71% n-butane,
28% isobutane, and 1% propane), a lighter refill (54% n-
butane, 20% isobutane, and 26% propane), and LPG (97.8%
propane, 1.5% isobutane, 0.1% n-butane, 0.2% propylene,
and 0.4% other gases).

Table 1
Concentrations of propylene, propane, isobutane, and n-butane in body fluids or tissues of the three cases

Propylene Propane Isobutane n-Butane

Case] Case2 Case3 Casel Case?2 Case3 Casel Case2 Case3 Casel Case2 Case3
Blood nd. n.d. 0.11 0.01 0.07 10.19 0.10 0.03 nd. 0.52 0.11 n.d.
Urine n.d. n.d. nd. nd. nd. 0.19 nd. nd. nd. 0.01 0.01 n.d.
Sto.con. nd. n.d. 0.06 0.01 0.03 6.73 0.14 0.02 0.10 047 0.05 n.d.
Brain nd. n.d. 0.30 0.01 0.14 4354 0.14 0.10 0.42 0.39 0.21 0.11
Heart n.d. nd. 0.15 0.01 0.06 28.39 0.22 0.02 032 0.79 0.15 0.08
Lung n.d, n.d. 0.04 0.01 0.09 4.15 0.06 0.04 nd. 0.29 0.13 n.d.
Liver n.d. n.d. 0.76 0.01 0.28 70.63 0.05 0.17 0.54 0.14 0.38 0.19
Kidney nd. n.d. 0.05 0.01 0.07 5.85 0.08 0.07 nd. 0.27 0.14 n.d.
Fat n.d. nd. 0.56 0.13 0.05 68.25 1.96 0.03 0.60 6.30 0.07 0.14

Sto.con.: stomach contents; n.d.: not detected; units: pL/mL or g.
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As Table 1 shows, the ratios of the gas components in
these gas samples were consistent with those determined in
their tissues, as n-butane was the major species in cases 1 and
2 while propane was the major in case 3. These substances
are lipophilic so that after being taken up from the lungs into
blood, they distributed at high concentrations in lipid-rich
tissues such as brain and fat tissues, and also in liver, heart,
and kidney [2-5].

The mechanism of sudden death directly related to vola-
tile abuse is seldom clear but suggested to include cardiac
arrhythmia, hypoxia, and respiratory depression. n-Butane
and isobutane have an anesthetic or narcotic effect on the
central nervous system, and induce fatal arthythmia at 0.5-
15% in the air {6]. According to the reports, many victims of
n-butane or isobutane inhalation collapsed due to fatal
ventricular fibrillation immediately after sudden fear or hard
muscular exercise such as fright, ranning, and sexual activity
[2,6]. The victims of cases 1 and 2 collapsed immediately
after running or kicking, so ventricular fibrillation appeared
to be their cause of death.

Propane is less toxic than n-butane or isobutane having a,

weaker anesthetic effect and a negligible effect on heart. The
LDsg value of propane is over 80% in the air whereas that of
n-butane or isobutane is about 50% in experimental animal,
also indicating propane is less lethal [2,6}. The cause of
death after propane gas inhalation is reported to be usually
hypoxia [5,6] so that the cause of death in case 3 might be
hypoxia. However, LPG contains isobutane in addition to

propane, and the isobutane concentration in brain, heart, and
liver in case 3 was 0.32-0.54 pL/g, which was higher than
that in cases 1 and 2. It is possible that the victim in case 3
had been breathing LPG for a long time so that isobutane
accumulated as well as propane in his brain to a toxic level
resulting in a possible anesthetic effect of isobutane rather
than direct hypoxia.
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CASE REPORT

Commercial Butane Abuse: a disturbing case
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Summary

The case report discusses a 16-year-old girl with a history of commercial butane gas abuse over ayear. As the
patient had collected the empty cannisters, it was possible to calculate the guantity abused which is not usually
possible due to lack of co-operation and lack of evidence. Other aspects discussed ave the mode of inhalation,

accessibility, and psychological consequences.

Introduction

The abuse of popular commercially availahle vol-
atile hydrocarbon by inhalation is well documented
in literature. Although the exact incidence and
prevalence is not know, it is now accepted that it is
an adolescent phenomenon, predominantly in males
aged between 8 and 19 years of age.’ The common
constituents of the solvents are hydrocarbons which
are highly lipid soluble and therefore have increased
affinity to the CNS. Grabski in 1961 reported a case
of cerebral atrophy following regular toluene inbala-
tion.? Others have also reported disabling peripheral
peuropathy’* encephalopathy and cerebellar dys-
function.’ However this case reported is concerned
with the quantity of N-butane abused, the mode of
inhalation and the psychological consequences.

Case

Miss X a 16-year-old girl was seen for N-butane gas
abuse. She had been inhaling it for 3 year, and it was
supplied by her boy-friend. She had collected over
22 cannisters each with a capacity of 232 m! which
she bad inhaled during the previous 3 months, The
purpose of collecting them was 1o use the small

QmMmu should be sddressed to Dr B. Mathew.

quantity of gas left in them when she did not have a
new supply. She suffered from visual hallucinations
during initie} abuse. During the period of abuse her
school attendance became very irregular and she
subsequently dropped out without taking any exam-
inations. She was in trouble with the police for
assaulting a police officer and was on probation,
There was a gradual deterioration in social function-
ing leading to social isolation with very little contact
with her peer group. The parents had noticed bher
becoming increasingly irritable and easily provoca-

* tive and there was little communication wjth family

members,

The family and personal history was unremark-
able, Although she bad experienced difficulties with
her studies, the parents believe that her performance
deteriorated rapidly with butane abuse. Physical
cxamination was unremarkable. The patent did not
co-operate with further hacmotological an psycho-
logical investigations.

Discussion

While checking with the manufacrurers, we found
that commercial butane containg 2 mixture of
propane, N-butane, and isobutane in varying, pro-
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portions to achieve a vapour pressure of 3.05-3.35
bar at which it is stored in the cannister. It is illegal
to sell solvents to persons under the age of 18 years
in the U.K. Commercial butane is used as a fuel in
cigarette lighters,

Quantity

The most disturbing aspect of this case was the
quantity of the solvent abused by the patient. She
had abused about 22 cannisters each with a capacity
of 232 mls, ie. a total quantity of 5 litres in 3
months. As she had admitted to abusing a similar
quantity over the past 12 months it is quite possible
that she had abused about 20 litres in 1 year. This is
an important finding because in most cases a reliable
history is not forthcoming and it cannot be corrobo-
rated as most evidence is destroyed by the abusers.

Mode of Inhalation

The patient used the cover of the cannister as the
mask for the abuse. It acted in a way similar to an
oxygen mask, ensuring prompt delivery of the
solvent from the cannister into the lungs. This
method was certainly dangerous as the mask fitted
firmly around the moutb and the nostils leading to a
lowering of the partial pressure of inhaled oxygen
causing hypozia and other related disturbances. It is
quite possible that prolonged abuse by this mecha-
nism alone could cause death.

Accessibility
Although the patient could not obtain the cannisters

B. Mathew, Elinor Kapp & T. Ryland fones

over the counter because of her age she had regular
supplies through her boy-friend. This illustrates the
fact that legislation in sales alone is not enough® in
combating solvent abuse,

Psychological Consequences

In this case the deterioration in academic perform-
ance during the period of N-butane abuse was
leading to discontinuation of schooling was disturb-
ing. Although the literature mentions that solvent
abuse is a group activity, we noted this case to be an
individual one with very litde influence from the
peer group. Another interesting finding was the
rejection of the patient by her peers mainly due to
her aggressive bebaviour towards them, leading to
social isolation. This was associated with irritability,
impulsivity and deterioration in communication
with the pareats.

References

1. Barns, G. E. (1979) Solvent abuse. A review,
International Journal of Addiction, 14, pp. 1-26.

2. Gresiski, D. A. (1961) Toluene sniffing producing
cerebellar degeneration, American Journal of Psy-
chiatry, 118, pp. 461462,

3. Lews,]). D, Moritz, D. ). & MELLIN, L. P. (1981)
Long term tolucne abuse, American Journal of
Psychiatry, 138, pp. 368-370.

4. KOROBKIN, et al. (1975) Glue sniffing neuropathy,
Archives of Neurology, 32, pp. 158-62.

5. Boor, J. W. & Hurmic, W. 1. (1977) Persistent
cerebella staxia after exposure to toluene, Annals of
Neurology, 2, pp. 440-42.

6. Solvent Abuse (1982) Editorial, Lancet, pp. 1939-40.

—596—



Health Effects of
Selected Chemicals
- Volume 3

- Nord 1995:28 .

@ 10

—597—




Health Effects of Selected Chemicals

- Volume 3
Nord 1995:28
ISBN 92 9120716 0
ISSN 0903-7004
Copyright: Nordic Council of Minsters, Copenhagen ' '

Cover illustration: Kjeld Brandt, Copenhagen l””,’l“l’“
Print: AKA-PRINT A/S, Arhus 1995 98
Copies: 600 - Y
Printed on paper approved by the Nordic Environmental Labelling.

" Distribution: This publication may be purchased from any of the
agents listed on the last page. -

L

'

Nordic Council of Ministers The Nordic Council

Store Strandstrede 18 P.O. Box 19506

DK-1255 Copenhagen K S-104 32 Stockholm
Telephone: +45 33 96 02 00 Telephone: +46 8 453 47 00

Nordic Environmental Cooperation

Environmental cooperation is aimed at contributing to the improvement of the environment
and forestall problems in the Nordic countris as well as on the international scene. The
cooperation is conducted by the Nordic Committee of Senior Officials for Environmental
Affairs. The cooperation endeavours to advance joint aims for Action Plans and joint projects
exchange of information and assistance, e.g. to Eastern Europe, through the Nordic
Environmental Finance Corporation (NEFCO).

Nordic Council of Ministers .

was established in 1971. It submits proposals on co-operation between the governments of
the five Nordic countries to the Nordic Council, implements the Council's recommendations
and reports on results, while directing the work carried out in the targeted areas. The Prime
Ministers of the five Nordic countries assume overall responsibility for the co-operation
measures, which are co-ordinated by the ministers for co-operation and the Nordic
Co-operation Committee. The composition of the Council of Ministers varies, depending
on the nature of the issue to be treated.

The Nordic Council

was formed in 1952 to promote co-operation between the parliaments and governments of
Denmark, Iceland, Norway and Sweden. Finland joined in 1955. At the sessions held by the
Council, representatives from the Faroe Islands and greenland form part of the Danish delega
tion, while Aland is represented on the Finnish delegation. The Council consists of 87 elected
members - all of whom are members of parliament. The Nordic Council takes initiatives, acts
a consultative capacity and monitors co-operation measures. The Council operates via its insti
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