
effluents" Sumi has built the smoke and toxic gases,' though
one might doubt whether there could be smoke without toxic
gases at all.
The transition from traditional fuels to synthetic ones has

meant that man has had to accept the hazard of much more
smoke. The general hazards are multiple. Firstly, depending
on its density smoke can reduce visibility to impede escape
and seriously hinder fire fighting. A critical density may
be reached well before toxic concentrations of carbon
monoxide.'4 Secondly, highly irritative ingredients (hydrogen
chloride, phosgene, isocyanates, aldehydes, ketones, and
some metal oxides and metal carbonyls) may cause not only
excessive lacrimation but also blepharospasm and even
laryngospasm. Thirdly, there may be an unexpected explosion
(described as the Chatham mattress phenomenon41) in which
dense, low heated smoke from smouldering foam rubber
explodes in sudden contact with the air. Fourthly, the actual
lethality of smoke or of each single component of fire effluents
may be less important than their common property of
incapacitating the victim during the early stages of fires.42 The
factors that may contribute should be clearly distinguished as
(a) purely physical (smoke visual obscuration, mechanical
entrapping); (b) immediate chemical aggression by strong
irritants; (c) early pathophysiological reactions due to direct
or indirect anoxia; and (d) acute behavioural disorders
including disorientation, panic, and catatonic stupor. The
end result is that the person does not leave the scene in time.

Even rapidly flaming fires take about three minutes to
produce heat and gases that are incompatible with life.43
This should allow ample time for escape, and most people
succeed-But why do some not?

Fire toxicology may offer some suggestions. Evidence has
gradually accumulated that hydrogen cyanide could be the
insidious and as yet not widely recognised toxic principle of
incapacitation. While still in tolerable and definitely sublethal
concentrations in the fire atmosphere (and even in the blood)
it may exert a critical incapacitating effect, exposing the
victim to high concentrations of carbon monoxide.8 This was
shown in a study in monkeys: Purser et al concluded that
cyanide caused rapid incapacitation "while death may occur
later due to carbon monoxide poisoning or other factors."4
The thermodynamics of hydrogen cyanide are not, however,
fully understood. Some fire effluents may contain other highly
toxic materials that would produce incapacitation at such low
concentrations or at such an early stage in the fire that egress
would be impossible. The fate of victims may then be sealed
because, as Hartzell et al often say: "Escape from a fire is the
key to survival."9

TIHOMIL BERITIC

Professor and Chairman of the Committee on
Occupational and Environmental Health,

Yugoslav Academy of Sciences and Arts,
Zagreb,
Yugoslavia

1 Anonymous. Combustion. In: Encyclopaedia Britannica. Chicago: Encyclopaedia Britannica, 1974;
6:98-9,839-42.

2 Watt JM Jr. Phlogiston. Fire Technologv 1989;25:1-2.
3 Anonymous. Phlogiston. In: Mavers grosses Konversations-Lexikon. Vol 15. 6th ed. Leipzig and

Vienna: Bibliografisches Institut, 1908:803.
4 Emmons HW. The growth of fire science. Fire Sas'eN,Journal 1980/81;3:95-106.
S Anonymous. The Popplewell enquiry. Fire Prez 1985;183:17-22.
6 Snell JE, Nelson HE. Summary of the National Bureau of Standards' analysis of the Dupont Plaza

Hotel fire. Fire and Materials 1988;13:98-105.
7 Heimbach DM, Waeckerlie JF. Inhalation injury. Ann Emerg Med 1988;17:1316-20.
8 Birky MM, Clarke FB. Inhalation of toxic products from fires. Bull NY Acad Med 1981;57:

997-1013.
9 Hartzell GE, Packham SC, Switzert WG. Toxic products from fires. Am Ind Hvg Assoc J

1983;44:248-55.
10 Hill BJ, Mcllhager R, Shields J, Silcock G, Stephens GG. Characteristic of smoke in different

thermal regimes. Fire andMaterials 1988;13:61-8.
11 Clarke FB. Toxicity of combustion products: current knowledge. Fire Journal 1983;77:84-97,

101,108.
12 Clarke CJ, Reid WCH, Gilmour WH, Campbell D. Mtortality probability in victims of fire trauma:

revised equation to include inhalation injury. BrMedJ 1986;292:1303-5.
13 Shields TJ, Silcock GWH. Buildings andfire. Harlow: Longman, 1987.
14 Benjamin IA. The challenge of smoke. Fire SafetyvJournal 1984;7:3-9.
15 Stone JP, Hanzlett RN, Johnson JE, et al. rhe transport of hydrogen chloride by soot from burning

polyvinyl chloride.Journal of-Fire and Flammability 1973;4:42-51.
16 Brown SK, Martin KG. Toxic gas and smoke measurement with the British fire propagation test.

III: UPVC formulations with reduced HCI evolution. F'ire and Materials 1985;9:103-7.
17 Dyer RF, Esch VH. Polysinyl chloride toxicity in fires. Hydrogen chloride toxicity in fire fighters.

JAMA 1976;235:393-7.
18 Einhorn IN, Grunnet ML. Physiological and toxicological aspccts of combustion of natural and

synthetic materials: past, present and future. Fire Research 1977/78;1:143-69.
19 Markowitz JS, Gutterman EM, Schwartz S, Link B, Gorman SM. Acute health effccts among

firefighters exposed to a polyvinyl chloride (PVC) fire. AmJ Epidemisol 1989;129:1023-31.
20 Bowes PC. Smoke toxicity hazards otf plastics in fire. Ann Occup 11vg 1974;17:143-57.
21 Boud&ne Cl, Jouany J-M, Truhaut R. Etude de la toxicite des produlits de combustion et de pyrolyse

de materiaux utilises dans Ic batimcnt. Archives des Maladies Pro//essisonelles, de Medecine du
Travail et de S&curiie Sociale (Paris) 1978;39:3-24.

22 Wooley WD, Ames SA, Smith PG. The M1anchester Wo(olworth's store fire, May 1979: burning
characteristics of the furniture. Fire Safite ,7ournal 1980/81:;3:5 5 -65.

23 Astrup P. Some physiological and pathological effects of moderate carbon monoxide exposuLre.
BrMedj 1972;iv:447-52.

24 Landa J, Avery WG, Sacnker MA. Some physiological observations itt smoke inhalation. Chest
1972;61 :62-4.

25 Scharf SM, Thames MD, Sargent RK. Transmtural mynocardial infarction after exposure to carbon
monoxide in coronary artery disease. N EnglJfMed 1974;291:85-6.

26 Atkins EH, Baker EL. Exacerbation of coronary artery disease by occupational carbon monoxide
exposure: a report of two fatalities and a review of the literature. -lmt Ind Med 1985;7:73-9.

27 Kovac S, Durakovic Z, Beritic 1'. Cardiotoxicits of fire gases. Arh Hig Rada Toksikol 1987;38:
37-44. (In Croatian, English summary.)

28 Wexler J, Whittenberger JL, Dumke PR. The effect of cyanide on the electrocardiogram of man.
Am HeartJ 1947;34:163-73.

29 Levine MvlS, Radford EI'. Occupational exposures to cyanide in Baltimore firefighters.J Occup Med
1978;20:53-6.

30 O'Flaherty EJ, 'homas WC. The cardiotoxicity of hydrogen cyanide as a component of polymer
pyrolvsis smokes. ToxicolAppl Phartnacol 1982;63:373-81.

31 Gregory KL, Malinoski VF, Sharp CR. Cleveland Clinic fire survivorship study, 1929-1965.
Arch Environ Health 1969;18:508-15.

32 Anonymous. The hazard of' toxic gascs from combustion of roentgen-ray films [Editorial]. JAMA
1929;92: 1764.

33 Finland M, Davidson CS, Levenson SM. Clinical and therapeutic aspects of the conflagration
injurics to the respiratory tract sustained by victims of the Cocoanut Grove disaster. Medicine
1946;25:215-83.

34 Schatzki R. Roentgenologic report of the pulmonary lesions. AnnSurg 1943;117:841-64.
35 Aub JC, Pittman H. The pulmonary complications; a clinical description. Ann Surg 1943;117:

834-40.
36 Easton WH. Irritating vapors produced by burning cellulosic materials. Journal of Industrial

Hy'giene and loxicology 1945;27:211-6.
37 Jones GRN. Cyanide and fire victims. Lancet 1988;ii:457.
38 Birkv MM, Paabo M, Brown JE. Correlation of autopsy data and materials involved in the

Tennessee jail fire. Fire SafetyJournal 1979/80;2:17-22.
39 Norris JC, Mioore SJ, Hume AS. Syngergistic lethality induced by the combination of carbon

monoxide and cyanide. Toxicolocy 1986;40:121-9.
40 Sumi K. Tloxicity of fire effluents: application of test. Fire and Materials 1984;8: 1-5.
41 Croft WM. Fires involving explosions-a literature resiew. Fire Safetyjournal 1980/81;3:3-24.
42 Metcalfe E, Booth D, McAndrew H, Wooley WD. The pyrolysis of organic nitriles. Fire and

Materials 1983;7:185-92.
43 Purser D. How toxic smoke products affect the ability of victims to escape from fires. Fire

Prevention 1985;179:28-32.
44 Purser D, Grimshaw P, Berill KR. Intoxication by cyanide in fires: a study in monkeys using

polyacrylonitrile. Arch Environ Health 1984;39:394-400.

Correction

Dangers of thrombolysis
An author's error occurred in this editorial by MrM C Petch (24 February, p 483).
The second drug named in the third sentence of the fifth paragraph should be
duteplase and not alteplase as published.
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