Structural Fires

1: Br J Ind Med. 1988 Sep;45(9):606-12.

Health hazards of fire fighters: exposure assessment.

Brandt-Rauf PW, Fallon LF Jr, Tarantini T, Idema C, Andrews L.

There is growing concern over the detrimental health effects to firefighters

produced by exposure to combustion byproducts of burning materials. To assess the types and levels of exposure encountered by firefighters during their routine occupational duties, members of the Buffalo Fire Department were monitored during firefighting activities with personal, portable, ambient environmental sampling devices. The results indicate that firefighters are frequently exposed to significant concentrations of hazardous materials including carbon monoxide, benzene, sulphur dioxide, hydrogen cyanide, aldehydes, hydrogen chloride, dichlorofluoromethane, and particulates. Furthermore, in many cases of the worst exposure to these materials respiratory protective equipment was not used owing to the visual impression of low smoke intensity, and thus these levels represent actual direct exposure of the firefighters. Many of these materials have been implicated in the production of cardiovascular, respiratory, or neoplastic diseases, which may provide an explanation for the alleged increased risk for these illnesses among firefighters.

2: Am Ind Hyg Assoc J. 1980 Nov;41(11):796-802.

Air contaminants encountered by firefighters.

Treitman RD, Burgess WA, Gold A.

The concentrations of eight air contaminants suspected of causing acute and chronic health problems for firefighters were measured in over 200 fires in the City of Boston using a personal air sampler. Threatening concentrations of both carbon monoxide and acrolein were found in a small proportion of the fires. Less hazardous levels of hydrogen chloride, hydrogen cyanide, nitrogen dioxide and carbon dioxide were also noted. Benzene was found in most fires, but at concentrations well below those expected to cause acute injury. The air sampling data have application in treatment of smoke inhalation victims, development of firefighting strategies and selection of respiratory protection devices.

4: Environ Health Perspect. 2003 Dec;111(16):1906-11.

Comment in:

    Environ Health Perspect. 2003 Dec;111(16):A896.

Biomonitoring of chemical exposure among New York City firefighters responding to

the World Trade Center fire and collapse.

Edelman P, Osterloh J, Pirkle J, Caudill SP, Grainger J, Jones R, Blount B,

Calafat A, Turner W, Feldman D, Baron S, Bernard B, Lushniak BD, Kelly K, Prezant

The collapse of the World Trade Center (WTC) on 11 September 2001 exposed New York City firefighters to smoke and dust of unprecedented magnitude and duration. The chemicals and the concentrations produced from any fire are difficult to

predict, but estimates of internal dose exposures can be assessed by the biological monitoring of blood and urine. We analyzed blood and urine specimens obtained from 321 firefighters responding to the WTC fires and collapse for 110 potentially fire-related chemicals. Controls consisted of 47 firefighters not present at the WTC. Sampling occurred 3 weeks after 11 September, while fires

were still burning. When reference or background ranges were available, most chemical concentrations were found to be generally low and not outside these ranges. Compared with controls, the exposed firefighters showed significant differences in adjusted geometric means for six of the chemicals and significantly greater detection rates for an additional three. Arrival time was a significant predictor variable for four chemicals. Special Operations Command firefighters (n = 95), compared with other responding WTC firefighters (n = 226), had differences in concentrations or detection rate for 14 of the chemicals. Values for the Special Operations Command firefighters were also significantly different from the control group values for these same chemicals and for two additional chemicals. Generally, the chemical concentrations in the other firefighter group were not different from those of controls. Biomonitoring was used to characterize firefighter exposure at the WTC disaster. Although some of the chemicals analyzed showed statistically significant differences, these differences were generally small.

6: Occup Med. 2001 Jan-Mar;16(1):101-8.

Occupational health for firefighters. Melius J.

Occupational health and safety programs for firefighters have received increasing attention over the last several years, due to the growing recognition of potential long-term health risks for firefighters. These workers not only face severe physical and psychological demands, but also risks of chronic or delayed adverse job-related health consequences. Firefighters are routinely exposed to a 

large number of toxic substances (e.g., carbon monoxide, benzene, particulate, asbestos, polynuclear aromatic compounds, hydrogen chloride, and cyanide) as well as physical hazards such as heat and noise. Their emergency medical response duties also put them at risk of exposure to infectious agents. Firefighters are at increased risk of cardiovascular disease, pulmonary disease, cancer, and noise-induced hearing loss. Occupational medical care for firefighters needs to monitor for these long-term health risks.

7: Am Ind Hyg Assoc J. 1978 Jul;39(7):534-9.

Exposure of firefighters to toxic air contaminants.

A personal sampling apparatus for firefighters was developed to sample the fire atmosphere for CO, CO2, O2, NO2, HCI, HCN and pariculate content. Two fire companies made ninety successful sample runs during structural fires. CO presented a potential acute hazard and particulate concentrations were high. HCN was detected at low levels in half the samples. HCI was detected in only eight samples but on two occasions exceeded 100 ppm. CO2 and NO2 levels and O2 depression do not appear to represent significant hazards.

9: AIHAJ. 2000 Sep-Oct;61(5):636-41.

Characterization of firefighter exposures during fire overhaul.

Bolstad-Johnson DM, Burgess JL, Crutchfield CD, Storment S, Gerkin R, Wilson JR.

Previous studies have characterized firefighter exposures during fire suppression. However, minimal information is available regarding firefighter exposures during overhaul, when firefighters look for hidden fire inside attics, ceilings, and walls, often without respiratory protection. A comprehensive air monitoring study was conducted to characterize City of Phoenix firefighter exposures during the overhaul phase of 25 structure fires. Personal samples were collected for aldehydes; benzene; toluene; ethyl benzene; xylene; hydrochloric acid; polynuclear aromatic hydrocarbons (PNA); respirable dust; and hydrogen cyanide (HCN). Gas analyzers were employed to continuously monitor carbon monoxide (CO), HCN, nitrogen dioxide (NO2), and sulfur dioxide (SO2). Area

samples were collected for asbestos, metals (Cd, Cr, Pb), and total dust. During overhaul the following exceeded published ceiling values: acrolein (American Conference of Governmental Industrial Hygienists [ACGIH] 0.1 ppm) at 1 fire; CO (National Institute for Occupational Safety and Health [NIOSH] 200 ppm) at 5 fires; formaldehyde (NIOSH 0.1 ppm) at 22 fires; and glutaraldehyde (ACGIH 0.05 ppm) at 5 fires. In addition, the following exceeded published short-term exposure limit values: benzene (NIOSH 1 ppm) at two fires, NO2 (NIOSH 1 ppm) at two fires, and SO2 (ACGIH 5 ppm) at five fires. On an additive effects basis, PNA

concentrations exceeded the NIOSH recommended exposure limits (0.1 mg/M3) for coal tar pitch volatiles at two fires. Maximum concentrations of other sampled substances were below their respective permissible exposure limits. Initial 10-min average CO concentrations did not predict concentrations of other products of combustion. The results indicate that firefighters should use respiratory protection during overhaul. In addition, these findings suggest that CO should not be used as an indicator gas for other contaminants found in this atmosphere.  
10: Am J Ind Med. 2006 Sep;49(9):740-50.

Effect of protective filters on fire fighter respiratory health during simulated bushfire smoke exposure.

De Vos AJ, Cook A, Devine B, Thompson PJ, Weinstein P.
 Bushfire fighters are potentially subject to risks from bushfire smoke. Although many different protective masks and filters are available, it is not clear which is the most effective from a health and safety perspective. The effect of protective filters on the respiratory health of Western Australian urban career fire fighters under controlled simulated conditions is investigated. METHODS: Sixty-four healthy Fire and Emergency Services Authority of Western Australia (FESA) urban career fire fighters were subjected to controlled simulated bushfire smoke in an open smoke chamber for 15 min. The fire fighters were allocated one of the three types of protective filters: particulate only (P), particulate/organic vapor (POV), and a particulate/organic vapor/formaldehyde (POVF) filter using a double-blind randomized procedure. Personal air sampling inside the fire fighters' masks, spirometry, oximetry, and self-reported symptom data were collected at baseline and at two time intervals after the smoke exposure. RESULTS: A significant decline in oxygen saturation was seen immediately after exposure, however, the decline was small and no significant relationships could be established between this and the type of filter used. A significantly higher number of participants in the P and POV filter groups self-reported an increase in coughing, wheezing, and shortness of breath compared to the POVF group. Air sampling demonstrated a significantly higher level of formaldehyde and acrolein inside the masks fitted with P filters compared to POV and POVF filters. CONCLUSIONS: Testing the effectiveness of P, POV, and POVF filters under controlled conditions has demonstrated that the POVF filter provides statistically significant better protection for the fire fighters' airways in a simulated bushfire exposure chamber.

11: J Occup Med. 1978 Jan;20(1):53-6.

Occupational exposures to cyanide in Baltimore fire fighters.

Levine MS, Radford EP.

A group of 479 fire fighters were investigated for routine exposure to hydrogen cyanide in the fire atmosphere using measurements of serum thiocyanate (SCN-). Our findings indicate that fire fighters were exposed to levels of hydrogen cyanide sufficient to raise their mean serum thiocyanate (SCN-) levels above that of controls. This elevation of serum SCN- occurred independently of smoking habits. Exposure to cyanide occurred much less frequently than previously studied exposures to carbon monoxide. Difficulties of correlating acute symptoms and the effectiveness of mask use with serum thiocyanate are discussed.

13: Arch Environ Health. 1979 Jul-Aug;34(4):255-7.

Carbon monoxide: a hazard to fire fighters.

Barnard RJ, Weber JS.

Carbon monoxide levels were measured in twenty-five fires in the city of Los Angeles to obtain information about fire fighters exposure to carbon monoxide.Levels as high as 3,000 ppm were observed for some fires. In general, when carbon monoxide levels were significantly elevated (greater than 100 ppm) the smoke was quite heavy and noxious, but in some cases the smoke was heavy and carbon monoxide levels were minimal. In two-story structures, the highest concentrations of carbon monoxide were found on the second-floor level and were usually still elevated after the fire had been "knocked down" but was still smoldering. These data show that fire fighters are exposed to levels of carbon monoxide which could be a serious health hazard and may be related to the high incidence of heartdisease in fire fighters.

14: Ann Occup Hyg. 1991 Dec;35(6):581-602.

Environmental study of firefighters.

Jankovic J, Jones W, Burkhart J, Noonan G.

A study of firefighter exposures was undertaken at the request of the U.S. Fire Administration. This work was part of a larger study which included field evaluation of the performance of the self-contained breathing apparatus (SCBA) worn by firefighters during structural firefighting. Measurements were made for a variety of contaminants including CO, CO2, benzene, HCN, HCl, H2SO4, HF,

acrolein, CH4, formaldehyde and PNAs. Many of the analyses were performed by collection of bag samples followed by Fourier transform infrared spectroscopy using a field mobile spectrometer. Measurements were also made using solid sorbent tubes and direct-reading meters. Sampling was done both during the knockdown and during overhaul phases of structural firefighting. Also, in order

to estimate exposures including those when the SCBAs were worn, measurements were made both inside and outside the SCBA facepiece. Carbon monoxide was the most common contaminant found during knockdown, and about 10% of the samples were

greater than 1500 ppm. Formaldehyde, acrolein, hydrogen chloride, hydrogen cyanide, sulphuric acid and hydrogen fluoride all exceeded their respective short-term exposure limits (STEL) on some occasions. Approximately 50% of the knockdown samples for acrolein exceeded the STEL. During overhaul, when masks were usually not worn, many of the contaminants found during knockdown were detected, but typically at much lower concentrations. Inside-mask sampling data suggest that exposure to low concentrations of a variety of compounds is occurring but this is believed to be principally the result of early mask removal or of non-use during knockdown rather than of leakage. The three basic sampling approaches (bag sampling, sorbent tubes and direct-reading meters) proved in this study to be complementary and served to maximize our ability to detect and quantify a wide range of combustion products.

15: Am Ind Hyg Assoc J. 1987 Mar;48(3):202-7.

Exposure of firefighters to diesel emissions in fire stations.

Froines JR, Hinds WC, Duffy RM, Lafuente EJ, Liu WC.

Personal sampling techniques were used to evaluate firefighter exposure to particulates from diesel engine emissions. Selected fire stations in New York, Boston and Los Angeles were studied. Firefighter exposure to total particulates increased with the number of runs conducted during an 8-hr period. In New York and Boston where the response level ranged from 7 to 15 runs during an 8-hr shift, the resulting exposure levels of total airborne particulates from diesel exhaust were 170 to 480 micrograms/m3 (TWA). Methylene chloride extracts of the diesel particulates averaged 24% of the total. The authors' findings suggest that additional research is necessary to assess fire station concentrations of vehicle diesel exhaust that may have adverse health consequences to firefighters.

17: Br J Ind Med. 1989 Mar;46(3):209-11.

Health hazards of firefighters: acute pulmonary effects after toxic exposures.

Brandt-Rauf PW, Cosman B, Fallon LF Jr, Tarantini T, Idema C.

As part of an environmental monitoring and medical surveillance programme to evaluate potential health hazards from firefighting, complete baseline medical examinations were performed on a cohort of 77 firefighters. During a ten day study period, 37 follow up medical examinations were performed after exposure to fire to monitor any significant differences in pre-fire and post-fire physiological indices, including pulmonary function and blood counts and chemistries. For the group as a whole, no significant differences were found. For individuals not wearing respiratory protective equipment, however, statistically significant post-fire decrements in FEV1 and FVC were noted. These decrements were consistent with previously shown levels of exposure to pulmonary toxicants in this cohort. These results support the need for more extensive use of respiratory protective equipment by firefighters.

18: J Occup Environ Med. 1997 Jun;39(6):515-9.

Assessment of exposure to polycyclic aromatic hydrocarbons during firefighting by measurement of urinary 1-hydroxypyrene.

Moen BE, Ovrebø S.

Firefighters may be exposed to carcinogenic agents in the smoke from fires, and there has been some concern regarding firefighters' risk of developing occupational-related cancer. Polycyclic aromatic hydrocarbons (PAHs) are present in most fires, posing a cancer risk. The objective of this study was to evaluate the PAH exposure among firefighters. Students (n = 9) and teachers (n = 4) at a firefighter training school delivered urine samples before and 6 to 7 hours after extinguishing burning diesel fuel. The urine samples were analyzed byhigh-performance liquid chromatography for 1-hydroxypyrene. A small but significant increase in 1-hydroxypyrene levels in the urine was found after the firefighting. This means that firefighting may cause exposure to PAHs. Although the exposure levels were low in this study, they may be different during other types of fires.

19: Toxic Rep Ser. 2006 Aug;(74):1-62, A1-C2.

NTP Toxicity Study Report on the atmospheric characterization, particle size, chemical composition, and workplace exposure assessment of cellulose insulation (CELLULOSEINS).

 Morgan DL.

Cellulose insulation (CI) is a type of thermal insulation produced primarily from recycled newspapers. The newspapers are shredded, milled, and treated with fire-retardant chemicals. The blowing process for installing CI generates a significant quantity of airborne material that presents a potential inhalation hazard to workers. CI was selected for study based upon the high production volume, the potential for widespread human exposure, and a lack of toxicity data; insufficient information was available to determine whether inhalation studies in laboratory animals were technically feasible or necessary. Studies were conducted to characterize the chemical and physical properties of CI aerosols, to evaluate the potential acute pulmonary toxicity of CI, and to assess occupational exposure

of CI installers. Workplace exposure assessments were conducted in collaboration with the National Institute for Occupational Safety and Health (NIOSH, 2001). 
23: Appl Occup Environ Hyg. 2002 May;17(5):379-86.

Determination of firefighter exposure to polycyclic aromatic hydrocarbons and benzene during fire fighting using easurement of biological indicators.

Caux C, O'Brien C, Viau C.

In accomplishing their duties, firefighters are potentially exposed to a vast array of toxic combustion and pyrolysis products such as benzene, carbon monoxide, acrolein, nitrogen dioxide, and polycyclic aromatic hydrocarbons. Exposure to PAH and benzene was assessed by means of urinary measurements of 1-hydroxypyrene and t,t-muconic acid, respectively. All urine samples were collected from 43 firefighters during a period extending for 20 h following the end of exposure during a fire. A control sample was also obtained from each participant after at least four days without involvement in fire fighting activities. Only one control 1-hydroxypyrene measurement exceeded the value of 0.32 micromol/mol creatinine considered as the 95th percentile of a normal

reference population in this study. Following exposure, 38 percent of the maximum values of all samples collected from each firefighter exceeded this reference value. The highest single value observed in this study was 3.6 micromol/mol creatinine. None of the control samples had a t,t-muconic acid concentration above the limit of detection. A large number (81%) of post-fire samples also had nonquantifiable concentrations of this metabolite. Among 43 firefighters in this study, 17 had measurable excretion of this metabolite in any of the urine samples after fire fighting and, of the latter group, only 6 had t,t-muconic acid concentrations exceeding 1.1 mmol/mol creatinine, a value considered to correspond to a benzene-air concentration of approximately 1 ppm according to the

literature. There is clear evidence that fire fighting activities are associated with exposure to PAH above environmental background, as assessed by 1-hydroxypyrene measurements, despite the use of protective equipment. However, in comparison with observations made in other cohorts of industrial workers with known polycyclic aromatic hydrocarbons exposure, firefighters' exposure in thisstudy was low. Similarly, based on t,t-muconic acid determinations, exposure to benzene was rather low in this study. For both contaminants, observation of low exposure could be due to either low concentrations of the contaminant during firefighting or to the efficiency of protective equipment worn.

24: Arch Environ Health. 2002 Jul-Aug;57(4):282-93.

Assessment of health effects in New York City firefighters after exposure to polychlorinated biphenyls (PCBs) and polychlorinated dibenzofurans (PCDFs): the Staten Island Transformer Fire Health Surveillance Project.
Kelly KJ, Connelly E, Reinhold GA, Byrne M, Prezant DJ.

Following an electrical transformer fire in Staten Island, New York, a health surveillance program was established for 60 New York City firefighters and emergency medical technicians exposed to polychlorinated biphenyls (PCBs) and polychlorinated dibenzofurans (PCDFs). Exposure potential was documented after high levels of PCBs and PCDFs were found on transformer and firefighters' uniforms. Personnel received comprehensive medical examinations, and the results were compared with preexposure values. Serum was analyzed for PCBs, PCDFs, and polychlorinated dibenzo-p-dioxins (PCDDs). Follow-up was conducted 9 mo later. Thirty-two of 58 (55%) firefighters reported initial symptoms, and 3 firefighters required brief medical leave. Pulmonary functions, exercise performance, serum liver functions, and serum lipid profiles were normal or unchanged from preexposure baselines. Serum PCBs averaged 2.92 +/- 1.96 ppb (range = 1.9-11.0 ppb). Five (8%) had serum PCBs that were greater than or equal to 6 ppb. Eight (73%) had a significant decrease (p = .05) in serum PCB level at the time of follow-up. Serum toxic equivalency (TEQ [1998 World Health Organization]) for total PCDDs and PCDFs averaged 39.0 +/- 21.5 (n = 48). Eighteen (38%) had elevated TEQs (i.e., > 40). All firefighters had no short-term heath effects.Modern firefighting uniforms are not meant to replace HAZMAT suits, but these uniforms provide protection from this chemical exposure for most firefighters.

25: Am J Ind Med. 1991;19(4):447-72.

Reproductive hazards of fire fighting. II. Chemical hazards.

McDiarmid MA, Lees PS, Agnew J, Midzenski M, Duffy R.

Studies of the health of fire fighters have historically focused on non-malignant respiratory disease and cancer. More recently, concerns have surfaced about reproductive health effects in many areas of the workforce, including fire fighting. These concerns prompted this review of chemical exposures that may contribute to adverse reproductive health outcomes in male as well as female firefighters. A review of the industrial hygiene literature was undertaken to identify agents commonly found in fire smoke. These agents were then examined for evidence of reproductive toxicity or mutagenicity/carcinogenicity. This profile of chemical agents and their reproductive toxicities permits a qualitative determination that fire fighters are exposed to potential reproductive toxicants as a part of their normal fire fighting duties. Considerations for mitigatingthese risks are also discussed.

26: Ind Health. 1996;34(1):13-23.

Acute health hazards of firefighters after fighting a department store fire.

Gu TL, Liou SH, Hsu CH, Hsu JC, Wu TN.

The purpose of this study was to evaluate the health hazards of firefighters after fighting a department store fire which lasted for 40 hours. Respiratory symptoms of 168 firefighters were collected and the pulmonary functions of 149 firefighters were measured by spirometer two days after fighting the fire and compared to 32 controls. The principal symptoms manifested by firefighters were burning eyes and mucous membrane irritation. Cross-sectional study of the pulmonary functions showed that FEV1.0, FEV1.0/FVC and the flow rates (MMF, FEF25%, and FEF75%) in smoking exposed firefighters were significantly lower than those in smoking controls. However, only FEV1.0 (%) was significantly lower in nonsmoking exposed firefighters than in nonsmoking controls. Both FVC and FEV1.0 showed a declining trend with the duration of fire fighting. This study provides further evidence that firefighters are exposed to irritants during fighting a fire. Exposure to the combustion products could lead to pulmonary function defects, especially in smoking firefighters.

28: Am Ind Hyg Assoc J. 1977 Jan;38(1):18-23.

Minimum protection factors for respiratory protective devices for firefighters.

Burgess WA, Sidor R, Lynch JJ, Buchanan P, Clougherty E.

Carbon monoxide and oxygen concentrations were measured in seventy-two structural fires using a personal air sampler carried by working firefighters. In a total sampling time of 1329 minutes the carbon monoxide concentration exceeded 500 ppm approximately 29 percent of the time. The maximum carbon monoxide concentration was 27,000 ppm and in 10 percent of the fires, the maximum concentration exceeded 5500 ppm. Only six runs indicated oxygen concentrations less than 18 percent. On the basis of these exposure data, a minimum protection factor of 100 is proposed for breathing apparatus for structural firefighting.

29: Crit Rev Toxicol. 2002 Jul;32(4):259-89.

Toxicity of fire smoke. Alarie Y.

This review is an attempt to present and describe the major immediate toxic threats in fire situations. These are carbon monoxide, a multitude of irritating organic chemicals in the smoke, oxygen depletion, and heat. During the past 50 years, synthetic polymers have been introduced in buildings in very large quantities. Many contain nitrogen or halogens, resulting in the release of hydrogen cyanide and inorganic acids in fire smoke as additional toxic threats. An analysis of toxicological findings in fire and nonfire deaths and the results of animal exposures to smoke from a variety of burning materials indicate that carbon monoxide is still likely to be the major toxicant in modern fires. However, the additional toxic threats mentioned above can sometimes be the principal cause of death or their addition can result in much lower than expected carboxyhemoglobin levels in fire victims. This analysis also revealed that hydrogen cyanide is likely to be present in appreciable amounts in the blood of fire victims in modern fires. The mechanisms of action of acute carbon monoxide and hydrogen cyanide poisonings are reviewed, with cases presented to illustrate how each chemical can be a major contributor or how they may interact. Also, lethal levels of carboxyhemoglobin and cyanide in blood are suggested from an analysis of the results of a large number of fire victims from different fire scenarios. The contribution of oxygen depletion and heat stress are more difficult to establish. From the analysis of several fire scenarios, they may play a major role in the room of origin at the beginning of a fire. The results in animal studies indicate that when major oxygen depletion (<10%) is added to lethal or sublethal levels of carbon monoxide or hydrogen cyanide its major role is to substantially reduce the time to death. In these experiments the

carboxyhemoglobin level at death was slightly reduced from the expected level with exposure to carbon monoxide alone. However, blood cyanide was reduced by a factor of ten from the expected level with exposure to hydrogen cyanide alone. This is another factor (among many other presented) complicating the task of establishing the contribution of cyanide in the death of fire victims, from its

analysis in their blood. Finally the role of ethanol intoxication, as it may influence carboxyhemoglobin levels at death, is reviewed. Its role is minor, if any, but the data available on ethanol in brain tissue and blood of fire victims confirmed that brain ethanol level is an excellent predictor of blood ethanol.

32: Occup Med. 1995 Oct-Dec;10(4):691-706. Combustion products and other firefighter exposures. Lees PS.

The author examines a wide variety of substances, from smoke, to synthetic products, and even the products that are used to fight fires. Measurements of exposure are discussed for carbon dioxide, carbon monoxide, hydrogen chloride, hydrogen cyanide, formaldehyde, acetaldehyde, benzene, and other chemicals.

34: Environ Health Perspect. 1975 Jun;11:163-89.

Physiological and toxicological aspects of smoke produced during the combustion of polymeric materials. Einhorn IN.

Normally one expects that flame contact is the major cause of injury and death during fires. Analysis of the factors involved in numerous fires has revealed that most deaths were not due to flame contact, but were a consequence of the production of carbon monoxide, nitrogen oxides, and other combustion products, such as aldehydes, low molecular weight alcohols, hydrogen cyanide, and other noxious species. The major emphasis within the scope of this paper relates to the physiological and toxicological aspects of smoke produced during the combustion of materials. Special emphasis is directed toward laboratory procedures which have been developed to determine the qualitative and quantitative analysis of smoke, factors pertaining to smoke development, and to measure the response of laboratory animals exposed to smoke. The effects that fire retardants,incorporated into polymeric materials as a means of improving flammability characteristics, may have on smoke development, the mechanism of polymer degradation, and on the survival response of laboratory animals are also considered.

35: Am J Epidemiol. 1989 May;129(5):1023-31.

Acute health effects among firefighters exposed to a polyvinyl chloride (PVC) fire.

Markowitz JS, Gutterman EM, Schwartz S, Link B, Gorman SM.

Firefighters are frequently being called on to fight fires that are chemical in nature. In the aftermath of a chemical fire in Plainfield, New Jersey on March 20-21, 1985, the authors conducted a retrospective cohort study which surveyed 80 firefighters exposed to burning polyvinyl chloride (PVC) as well as 15 nonexposed firefighter subjects. By means of an 81-item symptom checklist, exposed

firefighters reported more frequent and severe symptoms at 5-6 weeks post incident. This was true for a total symptomatology score as well as 19 individual items. Some of the items with an elevated risk were consistent with exposure to hydrogen chloride, the main pyrolysis product of polyvinyl chloride. Other items with an elevated risk appeared to be related to smoke inhalation while others

seemed psychosocial in nature. Analyses conducted within the exposed firefighter group showed that fighting the fire the first day, being a truckman, and residence within 1 mile (1.6 km) of the firehouse were significant risk factors for high total symptom scores. These risk factors may have been associated with level or duration of exposure to the toxic substances produced during the fire.

36: J Toxicol Environ Health A. 2001 Jun 8;63(3):191-206.

Characterization of volatile organic compounds in smoke at experimental fires.

Austin CC, Wang D, Ecobichon DJ, Dussault G.

Significant associations between firefighting and cancer have been reported; however, studies finding toxic products of combustion at municipal fires have been limited by (1) technical difficulties encountered at the scene of working fires, (2) the lack of a coherent sampling strategy, and (3) the absence of verified sampling methods. The objective of the present study was to characterize the presence of volatile organic compound (VOC) combustion products in fire smoke. Air samples from experimental fires burning various materials commonly found at structural fires were collected into evacuated Summa canisters and analyzed for 144 target VOCs using cryogenic preconcentration and gas chromatography/mass spectroscopy (GC/MSD) methodology. The resulting chromatograms were characterized by a small number of predominant peaks, with 14 substances (propene, benzene, xylenes, 1-butene/2-methylpropene, toluene, propane, 1,2-butadiene, 2-methylbutane, ethylbenzene, naphthalene, styrene, cyclopentene, 1-methylcyclopentene, isopropylbenzene) being found in proportionately higher concentrations in all experimental fires and accounting

for 65% (SD = +/-12%) by mass of total measured VOCs. Benzene, toluene, 1,3-butadiene, naphthalene, and styrene were found at higher concentrations than most other VOCs and increased with the time of combustion together with increasing levels of carbon monoxide. Benzene was found in the highest concentrations, with peak levels ranging from 0.6 ppm to 65 ppm, while the levels

of 1,3-butadiene, styrene, and naphthalene peaked at 0.1, 0.4, and 3 ppm, respectively. This study revealed that there were no new or novel, toxic nonpolar VOCs resulting from the burning of common building materials. This is important in view of the studies that have found associations between firefighting and various forms of cancer. 
37: J Toxicol Environ Health A. 2001 Jul 20;63(6):437-58.

Characterization of volatile organic compounds in smoke at municipal structural fires.

Austin CC, Wang D, Ecobichon DJ, Dussault G.

The objective of this study was to characterize volatile organic compounds (VOCs) found at municipal structural fires in order to identify sources of long-term health risks to firefighters, which may be contributing factors in heart disease and cancer. Firefighters collected air into evacuated Summa canisters inside burning buildings at nine municipal structural fires under conditions where they judged that at least some firefighters might remove their self-contained breathing apparatus masks. Volatile organic compounds were identified and quantified for 144 target compounds using cryogenic preconcentration and gas chromatography/mass spectral detection (GC/MSD) methodology operating in selected ion monitoring mode. Samples were also analyzed in SCAN mode and examined for the appearance of substances that were not present in the instrument standard calibration mixture. The spectra of municipal structural fires were surprisingly similar and remarkable for their simplicity, which was largely due to the dominating presence of benzene along with toluene and naphthalene. Propene and 1,3-butadiene were found in all of the fires, and styrene and other alkyl-substituted benzene compounds were frequently identified. Similar "fingerprints" of the same 14 substances (propene, benzene, xylenes, 1-butene/2-methylpropene, toluene, propane, 1,2-butadiene, 2-methylbutane, ethylbenzene, naphthalene, styrene, cyclopentene, 1-methylcyclopentene, isopropylbenzene) previously identified at experimental fires burning various solid combustible materials were also found at municipal structural fires, accounting for 76.8% of the total VOCs measured. Statistically significant positive correlations were found between increasing levels of benzene and levels of propene, the xylenes, toluene, 1-butene/2-methylpropene, 1,3-butadiene, and naphthalene. Given the toxicity/carcinogenicity of those VOCs that were found in the highest concentrations, particularly benzene, 1,3-butadiene, and styrene, further investigation of VOC exposures of firefighters is warranted. Benzene, or 

its metabolic product s-phenylmercapturic acid in urine, was identified as a suitable chemical marker for firefighter exposure to combustion products.

38: J Toxicol Environ Health B Crit Rev. 2008 Jan;11(1):32-44.

Fire fighters, combustion products, and urothelial cancer. Golka K, Weistenhöfer W.

Urothelial cancer may be induced by different workplace chemicals, including carcinogenic aromatic amines, coke oven fumes, and cigarette smoking. The general impact of combustion products on urothelial cancer risk of exposed persons is still controversial. This raises the question whether fire fighters may have an increased risk for urothelial cancer. The present review compiles the literature 

on combustion products, possibly relevant for fire fighters, and the available studies on urinary bladder cancer risk in fire fighters. Chemical analyses of smoke from experimental fires as well as from fires in cities, wildlands, and industry do not indicate a generally elevated risk of bladder cancer in fire fighters. This is supported by studies on bladder cancer in fire fighters. Based on mortality studies, studies on exposures, and cancer incidence, we conclude that an elevated risk of urothelial cancer in fire fighters, in general, is not confirmed. Only in professional fire fighters more severely exposed for decades, having started their career some decades before, occupational exposure might be discussed as causative for urothelial cancer

42: J Occup Environ Hyg. 2004 Jan;1(1):45-9.

Association between lung function and exposure to smoke among firefighters at prescribed burns.

Slaughter JC, Koenig JQ, Reinhardt TE.

We investigated the short-term effects of exposures to PM3.5, acrolein, formaldehyde, and carbon monoxide on lung function in a group of firefighters performing prescribed burns. Spirometric measurements were made on 65 firefighters at the beginning, midpoint, and end of their work shift, while exposure was measured over the entire day. The interquartile range (IQR) of daily personal PM3.5 exposures was 235 micrograms/m3 to 1317 micrograms/m3, with an average daily exposure of 882 micrograms/m3. Concentrations of acrolein (IQR: [0.002, 0.018] ppm), formaldehyde (IQR: [0.008, 0.085] ppm), and carbon monoxide (IQR: [2.10, 10.48] ppm) were similarly elevated. In this group of firefighters, FEV1 changed by -0.125 L from preshift to postshift (p < .001). We examined the

association between this cross-shift lung function decrement and smoke exposure. A 1000 micrograms/m3 increase in PM3.5 was associated with a -0.030 L change in the cross-shift FEV1 (95% CI [-0.087, 0.026]). Acrolein, formaldehyde, and carbon monoxide exposure were also not significantly associated with changes in FEV1, FVC, or FEF25-75. We concluded that while firefighters' lung function significantly decreased from preshift to postshift, firefighters exposed to greater concentrations of respiratory irritants did not experience greater lung function decrements. We could not establish a significant link to any of the individual toxic components of smoke we measured.

43: JAMA. 1976 Jan 26;235(4):393-7.

Polyvinyl chloride toxicity in fires. Hydrogen chloride toxicity in firefighters. Dyer RF, Esch VH.

Polyvinyl chloride, of all the plastic polymers, has been implicated primarily in causing the most serious problem in fire fighting today because it releases hydrogen chloride gas when burning. One hundred seventy fire fighters who experienced symptoms from its toxicity have been studied from 1970 to 1975. One died.

49: Toxicology. 1987 Dec 1;47(1-2):181-99.

Regulatory aspects of fire toxicology. Nelson GL.

Fire creates a complex toxic environment involving flame, heat, oxygen depletion, smoke, and toxic gases. The nature of that environment is dependent upon not only the materials present but on the fire event, that is, the fire scenario. Materials have different toxic gas profiles under different conditions; therefore, toxic fire gas generation is not intrinsic to any one material. Large 

fires in buildings constitute a severe toxic threat regardless of the materials being burned. In the past, building codes in the United States included the phrase, "no more toxic than wood," in reference to fire gases from building materials. Such phrases have recently been deleted, because of the lack of either an accepted definition or test methodology to assess toxicity. While several states have attempted regulatory activity, the most recent approach (taken by the state of New York) has been the establishment of a data bank on toxic potency of  building and furnishing materials. The utility of such a data bank without available hazard analysis methodology is open to discussion, since toxic potency data are not directly applicable to toxic hazard assessment. A number of small-scale animal exposure tests have been developed to assess the potency of the toxic combustion products from combustible materials. Criticism of these tests relates to the relevance of the combustion module (a smoke generation apparatus) and the appropriateness of the animal model, particularly for irritant gases. Recent data from more than 2000 fire fatality cases and carbon monoxide exposure cases are discussed in this paper to help put small-scale laboratory test results into perspective. Toxicity is only one of the several fire properties related to materials. All fire parameters are interrelated, that is, they are not independent variables. Thus, predicting the toxicity of burning materials is a problem without a comprehensive solution. Measures have been taken, however, to reduce the number of fires and to reduce fire severity.

50: Arch Environ Health. 1989 Jan-Feb;44(1):30-3.

Self-reported short- and long-term respiratory effects among PVC-exposed firefighters. Markowitz JS.

Firefighters exposed to burning polyvinyl chloride (PVC) were studied to assess respiratory effects at 5-6 wk post-incident and again 22 mo following the fire.Exposed subjects reported significantly more frequent and severe respiratory symptoms at both time points than did firefighter controls. In longitudinal analyses, a number of symptoms persisted over time, and acute symptom scores were significantly correlated with chronic scores. At Time 2, approximately 18% of exposed firefighters, compared with none of the controls, reported that since the time of the PVC exposure, a physician had told them that they had either asthma and/or bronchitis.

53: J Occup Med. 1977 Nov;19(11):759-61.

The role of exertion as a determinant of carboxyhemoglobin accumulation in firefighters. Griggs TR.

The firefighter's exposure to carbon monoxide represents a relatively contant occupational hazard. Unfortunately, attempts to predict the level of this exposure in work situations have failed to be of practical benefit. This study was designed to examine the several determinants of carbon monoxide uptake by firefighters in a controlled situation. Twenty firefighters were monitored for heart rate and carboxyhemoglobin (COHb) levels during a search-and rescue drill in a smokefilled building. Carbon monoxide levels were aintained at 200 to 1000 ppm. Heart rates increased to 90% of maximum for age within minutes, and COHb levels increased at more than 1% per minute. The use of breathing apparatus provided full protection from uptake of COHb but was associated with significantly increased heart rates. The results show that exertional levels and, therefore, ventilatory rates may be so great during firefighting that even in moderate or low levels of atmospheric carbon monoxide the COHb can rise to dangerous levels within minutes. These findings suggest that no firefighter should be allowed to work in a burning or smoke-filled structure without the protection of breathing apparatus.
59: Chest. 1999 Nov;116(5):1183-93.

The incidence, prevalence, and severity of sarcoidosis in New York City firefighters.

Prezant DJ, Dhala A, Goldstein A, Janus D, Ortiz F, Aldrich TK, Kelly KJ.

OBJECTIVE: The etiology of sarcoidosis is unknown, but epidemiology suggests that environmental agents are a factor. Because firefighters are exposed to numerous toxins, we questioned whether sarcoidosis was increased in this cohort. SETTING: The New York City Fire Department (FDNY), employing > 11,000 firefighters and nearly 3,000 emergency medical services (EMS) health-care workers (HCWs). DESIGN: In 1985, FDNY initiated a surveillance program to determine the incidence, prevalence, and severity of biopsy-proven sarcoidosis in firefighters. In 1995, EMS HCWs were added as control subjects. RESULTS: Between 1985 and 1998, 4 prior cases and 21 new cases of sarcoidosis were found in FDNY firefighters. Annual incidence proportions ranged from 0 to 43.6/100,000, and averaged 12.9/100,000. On July 1, 1998, the point prevalence was 222/100,000. For EMS HCWs, annual

incidence proportions were zero. Radiographic stage 0 or stage 1 sarcoidosis was found in 19 firefighters (76%), and stage 3 was found in 1 firefighter (4%).Pulmonary function (FVC, FEV(1), and diffusing capacity for carbon monoxide) was normal in 17 firefighters (68%), and reduced to </= 65% predicted in 2 firefighters (8%). Maximum oxygen consumption (MVO(2)) was normal in 10 of 17 firefighters (59%), and reduced to 65% predicted in 3 firefighters (12%). Five of seven firefighters (71%) with abnormal MVO(2) had gas exchange abnormalities, and none had O(2) desaturation. All returned to fire fighting. CONCLUSIONS: Annual incidence proportions and point prevalence were increased in FDNY firefighters as compared to EMS HCWs and historical controls. Radiographs and physiologic measurements demonstrated only minimal impairment.

60: Int Arch Occup Environ Health. 1992;64(1):1-12.

Human factors in firefighting: ergonomic-, cardiopulmonary-, and psychogenic stress-related issues. Guidotti TL.

There are many issues in firefighting that involve human factors and cardiopulmonary conditioning. Population-based mortality and disability surveillance studies suggest a relatively small but significant excess of disability but not mortality from nonmalignant cardiovascular disease for firefighters. More targeted cohort and case-control studies do not support such an excess and instead suggest a strong healthy worker effect. Pulmonary function among firefighters has been extensively studied, with contradictory findings. Extreme exposures and long-term exposure in combination with cigarette smoking may be risk factors for respiratory disorders and accelerated decline in airflow. It appears likely that individual firefighters who show early signs of illness are often selectively transferred out of active firefighting positions. Despite exposure to substances such as carbon monoxide that may predispose to cardiovascular mortality and morbidity, excesses are not consistently shown inmortality studies. Clinical studies of individual firefighters do suggest an elevated risk for myocardial ischemia. The ergonomic demands of firefighting are extreme at peak activity because of high energy costs for activities such as climbing aerial ladders, the positive heat balance from endogenous and absorbed environmental heat, and encumbrance by bulky but necessary protective equipment. The psychological stresses of firefighting include long periods of relative inactivity punctuated by highly stressful alarms and extremely stressful situations such as rescues, as reflected in physiological and biochemical indicators. Firefighters are at risk for depression and post-traumatic stress

disorder, although morale overall is generally much higher than in comparable occupations. Women firefighter candidates as a group perform less well on selection test simulating the demands of active firefighting, but some individual women perform very well.

63: Chem Biol Interact. 2005 May 30;153-154:43-53. Epub 2005 Apr 18.

An overview of occupational benzene exposures and occupational exposure limits in Europe and North America.

Capleton AC, Levy LS.

Benzene has become one of the most intensely regulated substances in the world. Its ubiquitous use as a solvent has led to many working populations being exposed; in the early days often in uncontrolled conditions, leading to high exposures. Current occupational exposures are tightly controlled and are largely confined to workers in the petrochemical industry, vehicle mechanics,

firefighters, workers exposed to automobile emissions, and some other occupational groups. Typically, occupational exposure levels are currently at or below 3.25 mg/m3 (1 ppm), and environmental exposures are typically below 50 microg/m3 (15 ppb). Smoking remains a significant source of exposure in both occupationally and non-occupationally exposed individuals. The early experiences of high occupational exposures led to the identification of haematopoietic effects of benzene and the need for improved control and regulation. As with most occupational standards, there has been a reduction in exposure limits as effects have been identified at ever-lower levels, accompanied by a societal concern for improved standards of occupational health. In 1946, the United States occupational exposure limit for benzene, promulgated by the American Conference of Governmental Industrial Hygienists, was 325 mg/m3 (100 ppm), but nowadays most European and North American countries have harmonised at 1.63-3.25mg/m3 (0.5-1ppm). This latter figure was agreed within the European Union in 1997 and was adopted within national legislation by all Member States. The data on which this limit is set are essentially the same as those used by other standard-setting committees; this is an excellent example of how standards are set using science, pragmatism and societal values in the absence of complete information.

66: Vet Hum Toxicol. 2004 Aug;46(4):196-9.

Comment in:

    Vet Hum Toxicol. 2004 Oct;46(5):292.

Toxicological aspects of fire.

Stefanidou M, Athanaselis S.

Most fatalities from fires are not due to burns, but are a result of inhalation of toxic gases produced during combustion. Fire produces a complex toxic environment, involving flame, heat, oxygen depletion, smoke and toxic gases. As a wide variety of synthetic materials is used in buildings (insulation, furniture, carpeting, electric wiring covering, decorative items), the potential for poisoning from inhalation of products of combustion is continuously increasing. In the present review, the problems that are present in a fire event, the

toxicology of the toxic substances and the specific chemical hazards to firefighters are described. Regulatory toxicology aspects are presented concerning the use of non-flammable building and furnishing materials to prevent fires and decrease of poisonings and deaths resulting from fires.

68: Air Waste. 1993 Mar;43(3):341-7.

An assessment of air quality impacts of fires associated with fire fighting operations.

Leahey DM, Hansen MC, Schroeder MB.

Fire fighters in Canada's navy must undergo regular training with fires from simulated helicopter crashes. Visible emissions from these fires often create health concerns in surrounding communities. This paper presents air quality implications of plume dispersion associated with "helicopter fires." Evaluations involved measuring plume rise, estimating emissions, dispersion modeling and ambient monitoring. Results of the evaluation provided ground-level concentration estimates of plume particulate matter, oxides of nitrogen, hydrogen fluoride, carbon monoxide, 22 metals, 15 PAH and 13 VOC. The study showed that the air quality impact of the fire fighting training is much lower than the relevant time-weighted averages established to protect workers' health. This paper will be of interest to people in environmental protection agencies because it demonstrates the effects of fire fighting operations that must frequently occur as part of training exercises.

74: Occup Med. 1995 Oct-Dec;10(4):803-20.

The risk of cancer in firefighters.

Golden AL, Markowitz SB, Landrigan PJ.

A substantial body of literature now exists on the carcinogenic hazards of firefighting. The authors discuss in detail the data on the carcinogens benzene, asbestos, PAHS, formaldehyde, and diesel exhaust, and they go on to examine the prevalent cancers in firefighters, including leukemia, non-Hodgkin's lymphoma, multiple myeloma, and cancer of the brain and bladder.

75: Fundam Appl Toxicol. 1987 Aug;9(2):236-50.

Effects of exposure to single or multiple combinations of the predominant toxic gases and low oxygen atmospheres produced in fires. Levin BC, Paabo M, Gurman JL, Harris SE.

The toxicity of single and multiple fire gases is studied to determine whether the toxic effects of the combustion products from materials can be explained by the toxicological interactions (as indicated by lethality) of the primary fire gases or if minor, more obscure gases need to be considered. LC50 values for Fischer-344 rats have been calculated for the individual gases, carbon monoxide

(CO), hydrogen cyanide (HCN), or decreased oxygen (O2), for 30-min exposures plus relevant postexposure periods using the NBS Toxicity Test Method. Combination experiments with CO and HCN indicate that they act in an additive manner. Synergistic effects have been found when the animals are exposed to certain combinations of CO and carbon dioxide (CO2). Five percent CO2 raised the threshold for deaths due to hypoxia and decreased the LC50 of HCN. Decreasing the O2 concentration in the presence of various mixtures of the other major fire gases increased the toxicity even further. A comparison of the concentrations of the major combustion products generated from a number of polymeric materials at their LC50 (30-min exposure plus 14-day postexposure) values with the combined pure gas results indicates that, in most cases, the observed toxicity may be explained by the toxicological interactions of the examined primary toxic fire gases. These results provide necessary information for the computer model currently being developed at the Center for Fire Research to predict the toxic hazard that people will experience under various fire scenarios.

78: Am J Ind Med. 2001 Jul;40(1):55-62.

Respiratory function in active firefighters.

Mustajbegovic J, Zuskin E, Schachter EN, Kern J, Vrcic-Keglevic M, Heimer S, Vitale K, Nada T.

BACKGROUND: Exposure to environmental pollution during firefighting may results in the development of respiratory disorders in firefighters. METHODS: The health effects of firefighting on respiratory function was investigated in a group of 128 active firefighters by recording respiratory symptoms and measuring lung function. In addition, 88 control workers, not exposed to known pollutants were studied for the prevalence of acute and chronic respiratory symptoms. RESULTS: significantly higher prevalences of dyspnea, nasal catarrh, sinusitis, and hoarseness were recorded in firefighters compared to control workers (P < 0.01). One subject developed asthma symptoms following two intense firefighting episodes. A high prevalence of acute symptoms experienced during and after fire extinguishing was also documented among these firefighters. Eye and throat irritation as well as headache were prominent. A logistic regression analysis of chronic respiratory symptoms demonstrated that odds ratios were significant for both duration of work exposure and for smoking. Lung function testing demonstrated a decrease in FEF75 in relation to predicted suggesting obstructive changes in the smaller airways. A regression analysis of ventilatory capacity tests indicated a positive relationship of forced vital capacity with length of employment, 1 s forced expiratory volume as well as FEF50 were related to

smoking, and FEF75 was related to both smoking and length of employment. CONCLUSIONS: Our data suggest that firefighters are at risk for developing acute and chronic respiratory symptoms as well as obstructive airway changes.
81: Am J Ind Med. 2001 Dec;40(6):683-92.

Municipal firefighter exposure groups, time spent at fires and use of self-contained-breathing-apparatus.

Austin CC, Dussault G, Ecobichon DJ.

BACKGROUND: Previous studies have found significant associations between firefighting and cancer. METHODS: Fires, vehicle movement, and firefighter job assignment were determined, and storage and distribution of self-contained-breathing-apparatus (SCBAs) were tracked for 12 months. Time spent at fires and use of SCBAs were calculated. RESULTS: Only 66% of fire department personnel were 1st-line combat firefighters. Number of runs was an unreliable surrogate for time spent at fires. Eight firefighter exposure groups were identified (based on job title, firehall assignment, and time spent at fires), ranging from no exposures to 3,244 min/year/firefighter. SCBAs appear to have been used for approximately 50% of the time at structural fires but for only 6% of the time at all fires. CONCLUSIONS: Failure of previous studies to identify homogeneous exposure groups may have resulted in misclassification and underestimates of health risks. The approach used in this study may be used in epidemiological studies to identify exposure/response relationships. 
83: J Hazard Mater. 2007 Apr 11;142(3):720-9. 

LNG pool fire spectral data and calculation of emissive power. Raj PK.

Spectral description of thermal emission from fires provides a fundamental basis on which the fire thermal radiation hazard assessment models can be developed. Several field experiments were conducted during the 1970s and 1980s to measure the thermal radiation field surrounding LNG fires. Most of these tests involved the measurement of fire thermal radiation to objects outside the fire envelope using either narrow-angle or wide-angle radiometers. Extrapolating the wide-angle radiometer data without understanding the nature of fire emission is prone to errors. Spectral emissions from LNG fires have been recorded in four test series 

conducted with LNG fires on different substrates and of different diameters. These include the AGA test series of LNG fires on land of diameters 1.8 and 6m,35 m diameter fire on an insulated concrete dike in the Montoir tests conducted by Gaz de France, a 1976 test with 13 m diameter and the 1980 tests with 10 m diameter LNG fire on water carried out at China Lake, CA. The spectral data from 

the Montoir test series have not been published in technical journals; only recently has some data from this series have become available. This paper presents the details of the LNG fire spectral data from, primarily, the China Lake test series, their analysis and results. Available data from other test series are also discussed. China Lake data indicate that the thermal radiation emission from 13 m diameter LNG fire is made up of band emissions of about 50% of energy by water vapor (band emission), about 25% by carbon dioxide and the remainder constituting the continuum emission by luminous soot. The emissions from the H2O and CO2 bands are completely absorbed by the intervening atmosphere in less than about 200 m from the fire, even in the relatively dry desert air.

The effective soot radiation constitutes only about 23% during the burning period of methane and increases slightly when other higher hydrocarbon species (ethane, propane, etc.) are burning in the LNG fire. The paper discusses the procedure by which the fire spectral data are used to predict the thermal emission from large LNG fires. Unfortunately, no direct measurements of the soot density or smoke characteristics were made in the tests. These parameters have significant effect on the thermal emission from large LNG fires.

85: Public Health Rep. 2007 Nov-Dec;122(6):725-32.

Respiratory protection programs for firefighters: a survey of practices for the state of Kentucky. Easterling GH, Prince S.

OBJECTIVE: Firefighters play a crucial role as first responders in a variety of situations that can expose them to respiratory hazards. To ensure their safety and health, fire departments should have a respiratory protection program in place for all firefighters. A survey of Kentucky fire departments was conducted to assess their respiratory protection practices, barriers to program implementation, and medical evaluation programs. METHOD: A 21-question survey assessing respiratory practices during the previous 12 months was mailed to all Kentucky fire departments. RESULTS: A 62% survey response rate was achieved, with 116 of Kentucky's 120 counties returning at least one survey. All respondents indicated they were utilizing some type of respiratory protection, but only 37% indicated they had a written respiratory protection program. Compensation status and department sizes were found to be significant variables (p < 0.01) in determining if a fire department had a written respiratory protection program. Lack of funding (48%) and lack of understanding (39%) were cited as the greatest barriers to program implementation. Only 51% indicated they require their firefighters to receive a fit testing of their respirator, and 23% indicated they had a health-care provider who reviewed medical questionnaires or provided medical evaluations. CONCLUSION: This survey indicates that many Kentucky fire departments are not meeting the legal and voluntary respiratory protection standards and guidelines, and demonstrates the need for improved education and funding to ensure that firefighters are adequately protected from respiratory hazards. This is particularly applicable to small rural volunteer departments, which had the greatest gap in compliance.

93: Am J Ind Med. 1993 Jun;23(6):921-40.

Mortality of urban firefighters in Alberta, 1927-1987. Guidotti TL.

The mortality experience of firefighters has been an active topic of investigation. Collateral toxicological evidence suggests that certain causes of death are likely to be associated with firefighting: lung cancer, heart disease, and obstructive pulmonary disease. To date there has not been a clear and consistent demonstration of excess risk due to occupational exposure for these outcomes, but certain other cancers, including genitourinary, colon and rectum, and leukemias, lymphomas, and myeloma, appear to be consistently elevated. A major unproven hypothesis is that risk increased following the introduction, in the 1950s of combustible plastic furnishing and building materials known to generate toxic combustion products. Mortality by cause of death was examined for two cohorts totalling 3,328 firefighters active from 1927 to 1987 in Edmonton and Calgary, the two major urban centers in the province of Alberta, Canada, examining associations with cohort (before and after the 1950s) and years of service weighted by exposure opportunity. The study attained 96% follow-up of vital status and over 64,983 person-years of observation, yielding 370 deaths.Mortality from all causes was close to the expected standardized mortality ratio (96; 95% confidence limits (CL) 87, 107) as was that for heart disease (110; 95% CL 92, 131), and neither was statistically significant at the p < 0.05 level (N.S.). Excesses were observed for all malignant neoplasms (127; 95% CL 102, 155, p < 0.05) and for cancer of lung (142; 95% CL 91, 211, N.S.), bladder (315; 95%CL 86, 808, N.S.), kidney and ureter (414; 95% CL 166, 853, p < 0.05), colon and rectum (161; 95% CL 88, 271, N.S.), pancreas (155; 95% CL 50, 362, N.S.) and leukemia, lymphoma, and myeloma (127; 95% CL 61, 233, N.S.); obstructive pulmonary diseases (157; 95% CL 79, 281, N.S.). Fire-related causes showed a marked excess (486; 95% CL 233, 895, p < 0.01), but external causes overall showed a significant deficit (66; 95% CL 49, 87, p < 0.05). The lung cancer excess was confined to Edmonton; there was no consistent association with duration of employment, exposure opportunity, or cohort of entry (before or after the 1950s) except that the highest risk was observed among Edmonton firefighters with over 35 weighted years. The excess of cancers of the urinary tract was observed mostly among firefighters entering service after 1950, appeared to increase with length of service and exposure opportunity, and was observed in both cities. An occupational association with heart disease and chronic pulmonary disease is not supported in this study on this population. 
95: Environ Health Perspect. 2003 Dec;111(16):A896.

Comment on:

    Environ Health Perspect. 2003 Dec;111(16):1906-11.

Firefighter findings.  Claudio L. NO abstract given.
102: Med J Aust. 1980 Jun 28;1(13):654-8.

Chronic respiratory disease and respiratory function in a group of fire fighters.

Young I, Jackson J, West S.

A sample of 193 subjects drawn from the New South Wales Fire Brigade was studied to examine the prevalence of chronic respiratory disease and impairment of respiratory function. The prevalence of respiratory disease was less than that reported in other groups of firemen and reflects the lower level of occupational exposure, and possibly a survivor effect, within the New South Wales Fire Brigade. Among recent recruits, the effects of cigarette smoking far outweighed any contribution from occupational exposure. Among firemen with 20 years or more service a twofold increase in the prevalence of chronic bronchitis is considered to result from the additive effects of cigarette smoking and the high occupational smoke exposures consequent to the availability of respiratory protection and earlier attitudes to its use. The increasingly toxic nature of combustion products at fires was not accompanied by a discernible increase in the prevalence of chronic respiratory disease or impairment of respiratory function. The major combustion products responsible for respiratory damage were self-administered, arising from burning tobacco rather than from burning buildings.

108: AAOHN J. 2004 Feb;52(2):66-76.

Cardiovascular risks in firefighters: implications for occupational health nurse practice.

Byczek L, Walton SM, Conrad KM, Reichelt PA, Samo DG.

Limited cardiovascular risk data are available for firefighters. This cross sectional study of data collected during annual physical examinations described the prevalence of cardiovascular risk factors among firefighters (N = 200) and examined relationships between body mass index (BMI) and other cardiovascular risk factors. Evidence based guidelines were used to determine prevalence of cardiovascular risk factors and Framingham risk scoring was used to estimate probability of coronary heart disease (CHD). Firefighters ranged in age from 22 to 64 with a mean of 41. The prevalence of obesity, elevated total cholesterol, and elevated blood pressure in firefighters exceeded Healthy People 2010 targets. In addition, their prevalence of obesity, low high density lipoprotein (HDL), high low density lipoprotein (LDL), and high total cholesterol levels was higher relative to the general population. Elevated body mass index (BMI) values had positive significant (p < or = .01) associations with elevated blood pressures, triglycerides, and glucose levels, and a negative significant (p < .05) association with lower HDL cholesterol levels. Fire department worksite health

and fitness policies and programs should proactively target firefighters' cardiovascular risks. Future firefighter related intervention research will benefit from considering not only the individual determinants of cardiovascular disease, but also the ecological framework that includes the influences of workplace and external environmental factors.

116: J Burn Care Rehabil. 1992 Mar-Apr;13(2 Pt 1):223-35.

Health risks to fire fighters.

Matticks CA, Westwater JJ, Himel HN, Morgan RF, Edlich RF.

Fire fighters work in varied and dangerous environments and face unique health hazards that increase their risk for line-of-duty injury and death. While working with sophisticated equipment within such environments, the fire fighter is exposed to high noise levels, changing thermal conditions, and hazardous breathing atmospheres. In addition, his or her protective equipment can impose limitations on efficiency and performance. These conditions have been related to specific physical performance requirements that will reduce line-of-duty injury, disability, and even death. Physical fitness and health maintenance programs that reduce the risk for cardiovascular disease and musculoskeletal injuries have been prescribed for fire fighters. These programs are essential components of any modern fire service.

18: Lancet. 1978 Jul 8;2(8080):91-2.

Cyanide exposure in fires.

Symington IS, Anderson RA, Thomson I, Oliver JS, Harland WA, Kerr JW.

The toxic hazard from cyanide produced in fires was assessed in casualties and in firemen exposed to the fire atmosphere. The levels of cyanide and its principal metabolite, thiocyanate, were measured in blood samples from fireman, non-fetal and fatal casualties, and from controls. Although firemen did not differ significantly from controls, casualities showed significant elevation of blood-cyanide, and in a small proportion of fatalities blood-cyanide reached toxic levels.

121: Occup Med. 1995 Oct-Dec;10(4):829-41.

Reproductive hazards and firefighters.

McDiarmid MA, Agnew J.

The authors summarize the available data on three populations at potential risk from reproductive toxins; men, women, and developing fetuses. Among the areas discussed are the mechanisms of reproductive toxicity, industrial hygiene in the 

firefighting environment, and chemical and nonchemical reproductive hazards. 
125: JAMA. 1976 Jan 26;235(4):390-2.

Rapid estimation of carboxyhemoglobin level in fire fighters.

Stewart RD, Stewart RS, Stamm W, Seelen RP.

The analysis of expired breath with a portable electrochemical cell after carbon monoxide exposure provides a practical field method for the rapid estimation of carboxyhemoglobin. A fire fighter can collect and analyze his own breath sample for CO, an operation that requires 1 1/2 minutes. This simple technique has the accuracy necessary to determine compliance with the regulations governing occupational exposure to CO.

126: Risk Anal. 1991 Sep;11(3):381-4.

Dispersion of toxic combustion products from large fires.

Carter DA.

PMID: 1947342 [PubMed - indexed for MEDLINE]

128: J Forensic Sci. 1985 Jan;30(1):73-85.

Free radical production from controlled low-energy fires: toxicity considerations.

Lowry WR, Peterson J, Petty CS, Badgett JL.

Most fire departments respond within the first 5 min of notification of a fire. If fire victims are found at that stage by the firefighters, then incapacitation or death has occurred during the initial low-energy phase where smoke is being produced. Studies have shown that during this initial low-energy phase of the fire, gases commonly thought responsible for incapacitation or death are frequently not present in concentrations adequate to cause this result. In the current study free radicals, measured by electron spin resonance spectroscopy, were trapped in concentrations that we consider incapacitating, thus providing an explanation for "incapacitation without cause." This finding points the way to the design of more efficient temporary protective equipment for those who are in a high fire hazard environment, such as airline passengers, and suggests the idea of establishing a thermodynamic marker for the relative toxicity of building materials.

131: J Occup Med. 1976 Sep;18(9):628-32.

Occupational exposures to carbon monoxide in Baltimore firefighters.

Radford EP, Levine MS.

No abstract given.
132: Am Ind Hyg Assoc J. 1979 Sep;40(9):832-4.

Respirator use and protection from exposure to carbon monoxide.

Levine MS.

Investigations of the protective effect afforded by respirators in Baltimore firefighters are presented. The data indicates that the continuous use of respirators offers significant protection from exposure to carbon monoxide but that this protection is not absolute. A surprising finding is that the intermittent use of the face mask offers as little protection to the men as does  non-use. These findings emphasize the difficulties in relying upon respiratory personal protective equipment for protection from exposure.

135: J Public Health Policy. 1990 Summer;11(2):206-17.

Road to a smoke-free fire service for Florida: policies and progress.

Gerace TA.

In 1986 the Professional Fire Fighters of Florida (PFFF), a labor organization of 11,000 members, passed an unprecedented resolution to create a "smoke-free fire service." The PFFF's commitment arose from its (i) concern for the health of fire fighters, (ii) need to address the issue of smoking to protect the fire fighters' "Heart and Lung Law," and (iii) attempt to avert criticism of its proposed presumptive "Cancer Bill." In 1987 the PFFF gained support for its resolution from a council representing chiefs, fire instructors and inspectors, and volunteer fire fighters. Prior to the "smoke-free" resolution, one fire department in Florida required that new fire fighters be non-smokers. Since the resolution passed, 14 departments added this requirement. In 1989 the PFFF succeeded in getting a landmark bill passed requiring that new fire fighters be non-users of tobacco for at least one year prior to application. Important implications of the PFFF's efforts to create a "smoke-free fire service" are also discussed.

138: J Occup Med. 1992 Jan;34(1):26-33.

Age as a bona fide occupational qualification for firefighting. A review on the importance of measuring aerobic power.

Sothmann MS, Landy F, Saupe K.

Recent federal and judicial initiatives have led to controversy over the justification of mandatory retirement policies applied to public safety occupations. The Equal Employment Opportunity Commission has been mandated to study this issue, and a critical element of that study will be to determine the types of tests to be employed as substitutes for a mandatory retirement age. In this review, a rationale is presented for the measurement of aerobic power (VO2max) as a predictor of the physical performance capability of firefighters. We conclude that task simulations rarely replicate the environmental conditions present at structural fires that stress the cardiorespiratory capability of firefighters. VO2max is an important predictor of performance effectiveness of firefighters to be used in conjunction with task-specific testing.

139: J Soc Occup Med. 1990 Summer;40(2):53-4.
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    J Soc Occup Med. 1991 Autumn;41(3):143.

Occupational health and hygiene following a fire in a warehouse with an asbestos cement roof.

Lewis NJ, Curtis MF.

This paper deals with the occupational health and hygiene advice that was given in the immediate aftermath and clean-up period of a major fire in a large warehouse with an asbestos cement roof. Work on site was carefully monitored and we believe that no health hazards occurred subsequent to the fire, in particular only very low levels of asbestos were detected during the clean-up. In addition,  the need to disseminate information as widely and as rapidly as possible to the workforce and others following such a disaster is emphasized.

