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Death Associated with Fluorocarbon Inhalation:
Report of a Case

Reports of deaths associated with inhalation of volatile fluorinated hydrocarbons
increased dramatically in the late 1960’s [I] and, subsequently, several reports have
detailed the physiological effects, tissue concentrations, and excretion rates for two of
these fluorocarbons: trichlorofluoromethane (F-12) and dichlorodifluoromethane (F-11).

The toxicity of these fluorocarbons has been documented in laboratory studies using
mice [2], dogs [3], and monkeys [4]. The latter two reports indicate. that cardiac
arrhythmias are produced by prolonged inhalation of F-11 aad F-12 under laboratory
conditions controlled to prevent anoxia. However, there is considerable evidence to
indicate that controlled and limited use of these fluorocarbons as propellants for drugs,
hair spray, etc. is safe; that is, it results in no detectable harmful physiological changes in
the exposed individual [5-7]. It has also been suggested that the arrhythmia observed
in the initial laboratory studies was due to asphyxia [8].

The apparent discrepancies in the observed physiological effects resulting from inhala-
tion of these fluorocarbons may be resolved by considering the magnitude of the
absorbed dose. The blood levels of F-12 in monkeys showing effects were approximately
5 mg/100 ml [4], and in humans showing no ill effects the blood levels ranged from
0.002 to 0.08 mg/100 ml [9]. These differences are consistent with the observations by
Jack [10] that in dogs, blood levels of 25 ug/ml (2.5 mg/100 ml) of F-11 are
necessary for cardiac sensitization to adrenaline challenge, and by Clark and Tinston [6]
that F-11 blood levels up to approximately 2 mg/100 ml did not produce sensitization.

Several reports have detailed the fate of inhaled fluorocarbons [11-13] and have
indicated that (1) the clearance from blood follows a two-phase curve, with the second
phase indicating a blood half-life of 4 min for F-11; (2) the whole body clearance follows
a single-phase curve with an average half-life of 40 min; and (3) the length of time
fluorocarbons are retained in particular tissues is porportional to the fat content of those
tissues. :

Based on all of this information, one may hypothesize that excessive and prolonged
inhalation of fluorocarbons will lead to tissue accumulations which, after critical
threshold levels are reached, will initiate certain adverse physiological processes (includ-
ing cardiac arrhythmia). The triggering of these processes may depend on maintaining
tissue levels at or above the critical levels for some time. In this report, levels of F-11 and
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F-12 have been found (in tissues taken at autopsy from an individual whose death is
attributed to inhalation of these fluorocarbons) which are compatible with the critical
levels of these fluorocarbons observed in laboratory studies [2-4].

Case Summary

The following is a summary of an account given by a companion of the decedent
who was present during the fluorocarbon inhalation.

At approximately 12 noon on 10 March 1974, the subject and a male companion were
observed in an alley sniffing the contents of a plastic bag. Both boys reported that the
bag contained vapor from an aerosol can of cooking spray? and that they both felt
“‘high’’. The boys returned home until 6 p.m., after which they purchased another
can of cooking spray from a grocery and returned to the alley where the decedent again
sprayed the material into a plastic bag and ‘‘sniffed’’ the contents of the bag; however,
the companion said he felt ‘‘too sick’> to participate. After ‘‘several” sniffs, the
decedent began to ‘‘act weird’’ and the companion took the bag and spray can away.
The decedent ‘‘passed out’’ and mouth-to-mouth resuscitation was attempted by the
companion. An ambulance was called at approximately 7 p.m. and on arrival at the
emergency room, resuscitation attempts failed. Death was pronounced at § p.m.

Pathology Summary

Autopsy was performed the following day at 9 a.m. (during the 13-h post-
mortem interval the body was stored at 40°F). The tissue samples were collected and
placed in 4-oz. screw-capped jars and stored at —20°C for four weeks prior to assay
for fluorinated hydrocarbons.

A complete postmortem examination was conducted on a well-developed, moderately
well-nourished, 13-year-old male, 62.5 in. in length. The positive findings were limited to -
the respiratory system. The lungs together weighed 765 g and in the right middle and
both lower lobes was marked congestion with sectioned surfaces draining an abundant
amount of frothy pink fluid.

Toxicology Method

Samples of chopped, frozen tissue were placed while still frozen into stoppered, tared,
20-ml vials and weighed. Two millilitres of cyclohexane were added through the vial
stopper, while maintaining an airtight container. After the vials were kept at room
temperature for one hour, 0.5 mi of ‘‘head space” was injected into a Perkin-Eimer 3920
gas chromatograph fitted with a molecular sieve 13A column ('%-in. by 6-ft stainless
steel) maintained at 120°C. The injector and detector were maintained at 130°C. The
nitrogen carrier gas was flowing at 50 cc per min. Under these conditions the retention
time of dichlorodifuoromethane was 2.7 min and that of trichloromonofluoromethane,
10.2 min.

Fluorinated hydrocarbon standards for the assay were prepared by blowing smalil
amounts of the gases into tared, stoppered, 20-ml vials containing 2 ml cyclohexane.
After the flasks were reweighed, they were swirled occasionally for one hour, and
0.5 ml of the head space was then injected into the chromatograph. The can of cooking
spray used by the decedent was assayed for fluorinated hydrocarbons in a manner similar
to the standards. All assays of tissue, standards, and cooking spray were repeated and

2The cooking spray in this case was PAM® (American Home Products, Crawford, N.J.).
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the average values are reported as weight of fluorocarbon per wet weight of tissue. The
amount of standard fluorocarbons (up to 150 mg per vial) was linearly related to the
peak height as measured from the recorder trace.

Results and Discussion

The results of analyses of two fluorocarbons in various tissues taken from the subject
at autopsy are shown in Table 1. Based on the ratio of the fluorocarbons in the

TABLE 1|—Fluorocarbon content of tissues.

Dichlorodi-  Trichloromono-
fluoromethane, fluoromethane,

Tissue ug/g? ug/g?
Lung 94 35
Heart 180 49
Liver 23 2.9
Fat (omentum) 13 1.7
Bile 13 33
Kidney 5.4 1.1
Brain 3.5 0.5
Striated Muscle (iliopsoas) 0.5 0.5
Blood (heart) 1.2 0.6
Cooking Spray, % 43 57

?Based on frozen wet weight of tissue.

analyzed cooling spray (F-11, 43% and F-12, 57%), the tissue ratio of fluorocarbons
should be nearer unity or in favor of the higher boiling F-12 [9,14]. One possible
explanation of this discrepancy relates to the ambient temperature at the time of the
incident, that is, 10°C. Since the fluorocarbons were sprayed into a plastic bag before
inhalation, it is likely that the higher boiling F-12 (boiling point, 23.8 °C) would have a
tendency to condense on the walls of the bag, leading to a fluorocarbon mixture
available for inhalation which would contain relatively more F-11 (boiling point,
—21.6°C).

A direct evaluation of the blood levels and their physiological effects may be
difficult in this case, due to the delay between inhalation of fluorocarbons and death
(approximately 1.5 h). During this time some of the fluorocarbons would have been lost
from the tissues. From studies of the half-life of fluorocarbons in blood [9,11,12], it is
likely that the whole body level would decrease to approximately 20% of its peak level
within 100 min after inhalation and that the blood content would fall to about 1% of
its peak value. This implies that the peak blood fluorocarbon level in this case could
have been as high as 18 mg/100 ml. This would be sufficient to initiate the events leading
to cardiac arrhythmia and death [4, 10].

The relative amounts of F-11 in these tissues are comparable with those reported for
an earlier case [I5], except that less fluorocarbons were detected in lung tissue in this
study. These low levels may be attributed to the lung ventilation which occurred during
the time between inhalation and death (1.5 h). Since the half-life of alveolar F-11 and
F-12 is reported to be approximately 30 s [/6], one could predict a rapid clearance from
lung tissue.
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Summary

This case documents postmortem tissue concentrations of fluorocarbons in an
individual whose inhalation of cooking spray vapors was well documented. The data
presented here should contribute to the information base which will assist the
pathologist in determining the cause of death in cases related to inhalation of these
fluorocarbons.

References

[1] Bass, M., “Sudden Sniffing Death,” Journal of the American Medical Association, Vol.
212, No. 12, June 1970, p. 2075.

[2] Taylor, G. J., IV and Harris, W. S., "“Cardiac Toxicity of Aerosol Propellants,” Journal of
the American Medical Association, Vol. 214, No. 1, Oct. 1970, pp. 81-84.

[3] Flowers, N. C. and Horan, L. G., ““Nonanoxic Aerosol Arthythmias,” Jourral of the American
Medical Association, Vol. 219, No. 1, Jan. 1972, pp. 33-37.

[4] Taylor, G. J., Harris, W. S., and Bogdonoff, M.D., “Ventricular Arrhythmias Induced in
Monkeys by the Inhalation of Aerosol Propellants,” Journal of Clinical Investigation, Vol. 50,
No. 7, July 1971, pp. 1546-1550.

[5] Azar, A., Zapp, J. A., Reinhardt, C. F., and Stopps, G. J., “Cardiac Toxzicity of Aerosol
Propellants,” Journal of the American Medical Association, Vol. 215, No. 9, March 1971,
pp. 1501-1502. )

[6] Clark, D. G. and Tinston, D. J., “Sniffing Syndrome,” British Medical Journal, Vol. 2,
No. 5753, April 1971, p. 113.

(7] Egle, J. L., Putney, J. W., Jr., and Borzelleca, J. F., “*Cardiac Rate and Rhythm in
Mice Affected by Halothane Propellants,”” Journal of the American Medical Association, Vol.
222, No. 7, Nov. 1972, pp. 786-789.

[8] Silverglade, Alexander, “Fluorocarbon Propellants in Aerosols,” Lancet, Vol. 1, June 1973,
p. 1325.

[9] Paterson, J. W., Sudlow, M. F., and Walker, S. R., “Blood-levels of Fluorinated Hydro-
carbons in Asthmatic Patients After Inhalation of Pressurized Aerosols,” Lancet, Vol. 2
Sept. 1971, pp. 565-568.

[10] Jack, D., “Sniffing Syndrome,” British Medical Journal, Vol. 2, No. 5763, June 1971,
p. 708.

[111 McClure, D. A., “Failure of Fluorocarbon Propellants to Alter the Electrocardiogram of
Mice and Dogs,” Toxicology and Applied Pharmacology, Vol. 22, No. 2, June 1972, pp.
221-230.

[12] Morgan, A., Black, A., Walsh, M., and Belcher, D. R., “Studies on the Absorption of
Inhaled Fluorocarbon Propellant Vapours Using 3Cl Tracer Techniques,” British Journal of
Radiology, Vol. 45, No. 525, Aug. 1972, p. 630.

(3] Williams, F. M., Draffan, G. H., Dollery, C. T., Clark, J. C., and Palmer, A. J., “Use of
18-F Labelled Fluorocarbon -11 to Investigate the Fate of Inhaled Fluorocarbons in Man and
in the Rat,” Thorax, Vol. 29, No. 1, Jan. 1974, pp. 99-103.

[14] Shargel, L. and Koss, R., “Determination of Fluorinated Hydrocarbon Propellants in Blood of
Dogs After Aerosol Administration,” Journal of Pharmaceutical Sciences, Vol. 61, No. 9,
Sept. 1972, pp. 1445-1449.

[15] Baselt, R. C. and Cravey, R. H., “A Fatal Case Involving Trichloromonofluoromethane and
Dichlorodifluoromethane,”” Journal of Forensic Sciences, JFSCA, Vol. 13, No. 3, July 1968,
pp- 407-410.

[16) Draffan, G. H., Dollery, C. T., Williams, F. M., and Clarke, R. A., “Alveolar Gas Con-
centrations of Fluorocarbons -11 and -12 in Man After Use of Pressurized Aerosols,” Thorax,
Vol. 29, No. 1, Jan. 1974, pp. 95-98.

Office of the State Medical Investigator
University of New Mexico School of Medicine
915 Stanford Ave.

Albuquerque, N.M. 87106



