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  Context : Isolated outbreaks of respiratory illness associated with fl uoropolymer-containing products, such as waterproofi ng agents 

and sealants, have occurred for many years in many different countries. Despite this, an assured mechanism of illness is not defi ned, 

representing a barrier to the prevention of future occurrences.  Objective : To discuss the epidemiology of the respiratory illness outbreaks, 

proposed mechanisms of toxicity and clinical outcomes from exposure to these products.  Methods : We performed a literature review 

using OVID Medline (January 1946 through December 2012) and PubMed (January 1950 through December 2012) using the search 

terms  “ fl uoropolymer ” ,  “ fl uorochemical ” ,  “ leather proofi ng ” ,  “ leather protectant ” ,  “ weatherproofi ng agent ” , and  “ waterproofi ng agent ” . 

Bibliographies of identifi ed articles were screened for additional relevant studies, including non-indexed reports.  Results : Fluoropolymer-

associated respiratory illnesses often resemble polymer fume fever: acute respiratory symptoms predominate and are accompanied by fl u-

like symptoms. Outbreaks occasionally follow marketing of a new or reformulated product. Treatment with basic and supportive measures 

is suffi cient in many cases, including fresh air and supplemental oxygen. Inhaled beta-2 adrenergic agonists and corticosteroids have been 

used. Toxicity may result from the fl uoropolymer itself or the solvent in which it is delivered. Factors which may infl uence toxicity include 

fl uoropolymer particle size, emission rate, methods of application, environmental conditions, and personal health.  Conclusion : Exposure 

to fl uoropolymer-containing waterproofi ng agents can cause lung injury and usually produce abrupt onset of respiratory and fl u-like 

symptoms. Most victims improve with supportive care and supplemental oxygen. Serious outcomes, including acute respiratory distress 

syndrome and death, are uncommon. Proprietary information on the exact composition of most fl uoropolymer-containing products is often 

unavailable, and this hinders identifi cation of an exact cause of disease. The etiology is most likely multifactorial. Future research should 

focus on determining the exact mechanism of illness and establishing safe exposure limits.  

  Keywords   Fluoropolymer; Fluororesin; Fluorochemical; Leather proofi ng;   Weatherproofi ng   agent; Waterproofi ng agent   

  Introduction 

 Fluoropolymers are fl uorinated carbon chain polymers 

and co-polymers that are used in a variety of aerosolized 

and non-aerosolized household and commercial products 

as water and soil repelling agents, lubricants, sealants, and 

leather conditioners. 1,2  

 These products have been associated with sporadic out-

breaks of respiratory disease, sometimes severe, consisting 

of cough, shortness of breath, and chest pain and occasionally 

leading to hospitalization, respiratory failure, acute respira-

tory distress syndrome (ARDS) and death. 1,3 – 9  Due to the 

wide variety of formulations, the intermittent reformulation 

of these products, the proprietary nature of the compounds, 

and the fact that product labels and material safety data sheets 

(MSDS) may not report the presence of a fl uoropolymer, it 

has been diffi cult to ascertain the specifi cs of the chemicals 

involved in these outbreaks to perform studies and determine 

the reasons for this toxicity in humans. 3  

 Aerosolized water repellants generally have three primary 

components: 1) an organic or inorganic solvent, such as 

n-heptane, hexane, and petroleum distillates; 2) a propellant, 

usually carbon dioxide or a short-chain hydrocarbon, such as 

propane or butane; and 3) a water repelling agent. 6,10  Water 

repelling agents include fl uoropolymer resins, silicon-based 

resins, and combinations of the two. 6  After application, the 

solvent vaporizes and the water repelling agent remains on 

the surface. 11  

 One example of product reformulation occurred in the 

United States in 1994. Prior to this time, waterproofi ng aero-

sol formulations commonly included 1,1,1-trichloroethane as 

a solvent; however, this solvent was removed from the market 

upon passage of Title IV of the Clean Air Act amendments 

of 1990. 4,12  Title IV of the Clean Air Act amendments pro-

hibited sale and distribution of nonessential aerosol products 

that release class I, ozone-depleting solvents, including 1,1,1 

trichloroethane, 2,2,4 trimethylpentane, chlorofl urocarbons, 

halons, methyl chloroform, and carbon tetrachloride, and 
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required the reformulation of old agents to comply with these 

regulations by January 1994. 4  

 Numerous outbreaks in Asia, Europe, and North America 

have been reported and multiple theories regarding the 

mechanisms of toxicity have been postulated. This review 

will discuss the epidemiology of the outbreaks, proposed 

mechanisms of toxicity, and clinical outcomes from expo-

sure to these products.   

 Methods 

 We performed an extensive literature review using OVID 

Medline (January 1946 through December 2012) and 

PubMed (January 1950 through December 2012) using the 

search terms  “ fl uoropolymer ” ,  “ fl uorochemical ” ,  “ leather 

proofi ng ” ,  “ leather protectant ” ,  “ weatherproofi ng agent ” , 

and  “ waterproofi ng agent ” . Both human and animal data 

were included. Exclusion criteria included non-English 

literature. These searches yielded a total of 732 citations, 

which were screened for relevance. Of these, 50 were found 

appropriate, with the majority of excluded citations either 

written in a language other than English or found to relate to 

environmental exposures to fl uoropolymers in drinking water 

or the medical use of fl uoropolymers for other applications, 

such as drug-eluding stents and hernia repair (Supplemen-

tary Table 1 to be found online at http://informahealthcare.

com/doi/abs/10.3109/15563650.2014.946610). We included 

all published articles regarding fl uoropolymer waterproofi ng 

agents and associated respiratory illnesses. We screened the 

bibliographies of identifi ed articles for additional relevant 

studies, including non-indexed reports. We also reviewed 

non – peer-reviewed sources, including books and CDC Mor-

bidity and Mortality Weekly Report publications.  

 Physical properties 

 Fluoropolymers, sometimes referred to as perfl uorocarbons, 

are defi ned by the International Union of Pure and Applied 

Chemistry (IUPAC) as molecules consisting solely of car-

bon and fl uorine. However, compounds containing other 

constituents, more accurately described as fl uorocarbon 

derivatives, are also often referred to as fl uoropolymers. 13,14  

Fluoropolymers comprise a homogenous group of organic 

plastics that are comprised of strong carbon – fl uorine bonds 

of varying lengths. 

 Fluoropolymers are ultrafi ne particles ranging in size 

from 0.02 to 0.2  μ m, although it has been suggested that 

aging fl uoropolymers can aggregate and produce small 

particle agglomerates measuring up to 15 um. 15,16  This 

increased particle size has been associated with attenuation 

of toxicity. 15  

 Fluorocarbon liquids, such as those used in the water-

proofi ng and sealing industry are colorless compounds 

of high density and low viscosity. 14  Because they are not 

miscible in water and most organic solvents, they are for-

mulated with hydrocarbons (e.g., n-heptane, hexane, and 

petroleum distillates) for sale and distribution in water-

proofi ng sprays. 6,10  

 There have been reports that the proprietary fl uoropoly-

mer compounds used in waterproofi ng products underwent 

a formulation change following the passage of Title IV of 

the Clean Air Act amendments, specifi cally a shift from a 

fl uoroalkane structure to the more toxic fl uoroalkene. 12,17  

Basic examples of fl uoroalkane and its structures appear in 

Fig. 1. Fluoroalkanes are fl uoropolymers that contain only 

single bonds and are therefore more chemically stable and 

of lower toxicity than fl uoroalkenes, which contain double 

bonds. 17 – 20  The fl uoroalkenes vary in toxicity, and some are 

highly toxic, causing acute lung injury and death in both rats 

and humans. 17,19  Multiple carbon – fl uorine bonds further 

increase the strength and stability of other nearby carbon –

 fl uorine bonds so that longer chain saturated fl uorocarbons, 

such as the fl uoroalkanes, are the most chemically stable. 13  

Unsaturated fl uorocarbons, such as the fl uoroalkenes, are 

much more reactive because the area of the double bond 

tends to be defi cient in electrons. 19,21  This electron defi ciency 

opens the fl uoroalkenes up to attack by bases and other 

nucleophiles, such as fl uorine and hydroxyl radicals. 17,19  

 The constituents of each fl uoropolymer vary, and specifi c 

information on the chemical structure and ingredients of 

proprietary waterproofi ng agents is often unavailable. The 

number of carbon atoms in a fl uorocarbon determines most 

physical properties, with the exception of the molecule ’ s heat 

resistance, or melting point. Longer fl uorocarbons with more 

carbon atoms have higher boiling points, density, viscosity, 

surface tension, vapor pressure, and refractive index. 15    

 Animal studies 

 From 2005 to 2006, an outbreak of respiratory illness associ-

ated with boot sealant product use was reported in animals 

(pet dogs and cats). 3  Symptoms reported included dyspnea 

(13/19), cough (3/19), and vomiting (3/19). Of these, four 

animals required evaluation by a veterinarian and one had 

a chest radiograph obtained that showed infi ltrates. The 

authors report that one cat met the defi nition for chemical 

pneumonitis; however, it is unclear what symptoms this cat 

had and whether a chest radiograph was obtained. Treatment 

strategies included bronchodilators (1/19); steroids (1/19); 

diuretics and anti-infl ammatory agent (1/19); and oxygen 

(12/19). Ultimately, two cats died due to the respiratory 

failure. 

 Some experimental studies in animals have investigated 

clinical signs of respiratory illness and evaluated lung 

pathology associated with fl uoropolymer. 11,15 – 17,19 – 20  In 

1995, Yamashita and Tanaka exposed female CD-1 mice to 

various waterproofi ng aerosols, including one commercial 

product that was implicated in an outbreak of illness in 

humans and several fl uoropolymer-free products, includ-

ing one silicone-based water proofi ng spray. 11  Clinically, 

  Fig. 1.     Basic structure of a fl uoroalkene (a) and fl uoroalkane (b).  
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inhalation of the fl uoropolymer products caused pneu-

monia and pulmonary collapse, whereas mice exposed to 

the non-fl uoropolymer – containing products generally had 

only mild shortness of breath that resolved within 3 – 5 min. 

The authors concluded that the fl uoropolymer repellents 

in the waterproofi ng agent were responsible for the acute 

respiratory illness, noting that the common component 

of the waterproofi ng spray causing toxicity was the fl uo-

ropolymer; however, they also concluded that substitution 

of new  “ environmentally friendly ”  solvents in place of the 

previously used trichloroethane (petroleum solvents such as 

n-heptane and hexane and industrial gasolines) may facili-

tate fl uoropolymer inhalation by increasing the amount of 

airborne aerosol. 4,6,7,10,17  

 Hubbs et   al. performed an experimental study in guinea 

pigs and rats following a formulation change in a leather 

conditioner that was associated with a national outbreak of 

human respiratory illness in 1992. 17  The purpose of their 

study was to establish whether human disease could have 

been predicted using toxicity testing in animals and to test 

their hypothesis that the respiratory illness resulted from a 

change in toxicity of the fl uororesin product, as opposed to 

being the result of poorly ventilated working conditions, as 

has been suggested. 22  Following exposure to the new leather 

conditioner, time-dependent increases in respiratory rate 

occurred in both rats and guinea pigs. Other clinical effects 

included pulmonary edema, pulmonary hemorrhage, and 

death in 6/36 guinea pigs and 5/12 rats. Chemical analysis 

of the old and new products by gas chromatography – mass 

spectroscopy (GC/MS) indicated a change from a fl uoroal-

kane to a product containing fl uoroalkene, fl uorophenyl and/

or fl uoroalcohol components with some changes in solvent 

composition.   

 Mechanisms 

 Because these products have been associated with periodic 

outbreaks of respiratory disease, with several case series 

reporting hundreds of victims, fl uoropolymer-related respira-

tory illness has become a noteworthy public health concern.  

 Confl icting literature 

 Review of the available literature on this topic fails to yield 

a unifying, assured mechanism for the respiratory illnesses 

seen following exposure to some fl uoropolymer-containing 

commercial products and not others. Any attempt to draw 

conclusions is further confused by the breadth of contradic-

tory literature on the topic: some sources report an associa-

tion of respiratory illness outbreaks with a change in particle 

size 12,16  or emission rate, 12,23  while others report a change 

in the fl uorocarbons, 4,5,23  propellants, 4,5,24  or solvents 

themselves. 4,5,17  The presence of multiple different reformu-

lations may explain the varying reports. Interactions among 

different combinations of agents in various reformulations, 

possibly infl uenced by a host of personal factors (metabolic 

activation, smoking, preexisting medical conditions, etc.) 

may produce new, unanticipated effects; further confounding 

attempts to ascertain a single mechanism for these periodic 

respiratory illnesses. 23 – 25  Although we fi nd the evidence 

connecting fl uoropolymer-associated respiratory illness with 

a change in fl uoropolymer structure (from fl uoroalkane to 

fl uoroalkene) most convincing, we suspect that a complex 

and multifactorial, mechanism of disease exists, heavily 

infl uenced by the aforementioned personal factors. 

 Some authors have suggested various possibilities for 

these complex disease mechanisms. Yamashita et   al. postu-

lated that respiratory sequelae could be the result of a com-

bination of solvent and fl uoropolymer particle size. They 

suggested that newer, more volatile solvents decreased the 

diameter of the fl uoropolymer-containing aerosol particles 

and thereby increased the amount inhaled when compared 

with previous formulations. 26    

 Direct toxicity of the involved fl uoropolymer 

 One of the leading explanations for the human toxicity seen 

following aerosolized water repellent exposures focuses 

on the fl uoropolymer as the disease instigating variable. 

Although we believe in a complex and multifactorial disease 

etiology, we suspect that a key factor in the fl uoropolymer-

associated respiratory illness outbreaks is the changes in the 

fl uoropolymer structure discussed in this section. 

 Both clinical and experimental studies have noted an asso-

ciation with respiratory illness outbreak and reformulation of 

the commercial products and suggest that introduction of the 

new fl uoropolymer played a central role in the pathogenesis 

of lung injury 5,11 – 12,17,21 – 22,27 ; although one case not follow-

ing a formulation change is reported. 22  

 Due to the proprietary nature of these products, specifi c 

information about the fl uoropolymer structures is not avail-

able to the public; however, GC/MS has been performed 

on some of these commercial products to attempt to gain 

insight into the structural changes that has accompanied 

these waterproofi ng agent reformulations. 12,17  Although 

these studies did not allow the identifi cation of individual 

fl uorocarbons, information was derived that demonstrated 

a change in fl uoropolymer from a fl uoroalkane-containing 

product to one that contained fl uoroalkenes, fl uorophenyl, 

and/or fl uoralcohol components. 12,17  The authors felt that 

this change is suffi cient to explain such increases in toxic-

ity, but do overlook the changes in solvent composition that 

were found on GC/MS analysis, which may be an important 

contributor to disease. 12,17  

 Prior to Title IV of the Clean Air Act amendment-induced 

product reformulations, human cases of severe respiratory 

toxicity and death following occupational fl uoroalkene 

exposures were reported. 19  At the time that these cases 

were reported, fl uoroalkenes were available as an industrial 

chemical, but had not been used in products formulated for 

public use. The authors, while noting the potentially severe 

consequences that can result from fl uoroalkene exposures, 

concluded,  “ Exposure of the general public to fl uoroalk-

enes does not seem to be a signifi cant probability, because 

these fl uorocarbons do not now occupy the marketplace in 

signifi cant quantities. Should an increase in market penetra-

tion of the fl uoroalkenes eventuate, much care will have 

to be exerted to avoid unwanted exposures and additional 
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toxicologic studies will be required to document more 

fully the biologic activity of this class of fl uorocarbons. ”  19  

Unfortunately, following the more recent illness outbreaks, 

Clayton acknowledged that these products have been con-

sidered  “ nontoxic ”  despite the fact that little is known about 

the fl uoropolymers. 19    

 Microscopic changes 

 In an attempt to understand the pathologic changes invoked 

by waterproofi ng agents, several experimental studies in rats, 

mice, and guinea pigs studies included light and electron 

microscopy images. 15 – 17,20,29  Primary structural changes 

included alveolar type I cell necrosis; alveolar type II cell 

necrosis with resultant impairment of surfactant; direct coun-

teraction of surfactant; alveolar atelectasis and hemorrhage; 

cilial damage and expansion of alveolar epithelial cell inter-

cellular junctions. 6,11 – 12,16 – 17,20,23,30  These changes were felt 

to be secondary to direct cytotoxicity. Alveolar edema can 

be delayed, with one study noting delays of 24 h; however in 

this study, 24 h was the upper limit of surveillance that was 

undertaken for this fi nding, so longer latencies could have 

been missed. 20    

 Particle size 

 Fluoropolymer sprays use small, ultrafi ne mist particles 

(0.02 – 0.2  μ m) to help ensure even coating of the product. 23  

Because particles less than 10  μ m in size are considered 

respirable, several authors have suggested that the new for-

mulations may increase the amount of fl uoropolymer inhaled 

by decreasing the diameter of the aerosol particles. 11,16,31  

Indeed, ultrafi ne-sized particulates, even nuisance dusts 

(dusts with low pulmonary toxicity) may produce lung injury 

by virtue of their ability to translocate across alveolar epithe-

lial barriers, provoking interstitial fi brogenic reactions. 15,32  

The reverse situation has been studied, in which increased 

particle size of some fl uoropolymer fumes, was associated 

with a reduction in toxicity. 15  

 The theory that smaller particle size is responsible for 

increased toxicity was tested under experimental conditions 

by spraying new and previous formulations of these prod-

ucts and examining particle size. 12  The authors found that 

the new formulation in their study did not generate smaller 

particles than the old formulation; however, details of how 

they determined this were not given. 12    

 Emission rate 

 Some authors felt that reformulation of the products may 

have led to an increase in the emission rate of particles, 

ultimately leading to higher concentrations of particle in the 

atmosphere over a given exposure time. However, two stud-

ies of some implicated products under working conditions 

that determined that the emission rate of respirable particles 

was lower with the new formulation than with previous for-

mulations (mean    �    0.37 mg/s vs. mean    �    0.66 mg/s). 12,23    

 Particle number 

 Clinical and experimental fi ndings of some studies sug-

gest that reformulation of the products may have led to 

an increase in the amount of respirable particles; however 

study of the spray apparatus under working conditions 

determined that the number of particles in workers breathing 

zones was actually lower with one of the implicated, new 

formulations. 11,14,22 – 23,33    

 Toxicity secondary to solvent 

 Acknowledging the central nervous system (CNS) effects 

of some solvents, some authors have also suggested that 

respiratory illnesses could be attributed to differences in 

the solvents in the new formulations. 34 – 35  They cited cases 

involving exposure to products that used heptanes as a sol-

vent, which they report is more volatile than isopropanol used 

in old formulations. 21  These authors felt that this increased 

volatility, independent of the specifi c fl uoropolymer used, 

was suffi cient to allow the product to spread deeper into the 

tracheobronchial tree where it could induce alveolitis. Oth-

ers feel that illness could be a result of the solvent itself, as 

cases of acute pulmonary toxicity following exposure to a 

hydrocarbon aerosol product that did not contain a fl uoropo-

lymer have been reported. 33  

 Other authors disagree and highlight scenarios involving 

petroleum solvents, which cause respiratory illness only 

after accidental aspiration. 23  They argue that inhalation of 

aerosol droplets is not suffi cient to cause illness. Vernez 

et   al. noted that the solvent composition, new fl uoropoly-

mer-containing product, in their study was less toxic than 

that found in the old formulation, based on a comparison 

of threshold limits and short-term exposure limits set forth 

by the Occupational Safety and Health Administration. 23  

Hubbs et   al. noted a change in the solvent composition to 

include 2-butoxyethanol and isomers of dipropylene glycol 

methyl ether, substances not found in the old product. 17  

However, the authors dismissed any possible contribution 

the new solvent may have to the disease process after not-

ing that the systemic toxicity seen with poisoning by these 

solvents, such as hemolysis and renal lesions, did not occur 

in the study animals. 17  Additionally intentional inhalation 

of high concentrations of hydrocarbon for abuse (e.g.  “ huff-

ing ” ) does not routinely produce acute pulmonary toxicity. 

In other work, GC/MS analysis of the solvents determined 

that the solvents were mostly the same in the new product as 

in the old. 17  Experimental studies have shown that in similar 

working conditions, solvent concentrations generated by use 

of the new product were one-half those observed with the old 

product and consisted of solvents that were previously found 

to have low toxicity. 23  The authors of this study felt that the 

solvent could be further ruled out as the illness-inducing fac-

tor because the particles reaching the alveoli are  “ essentially 

made of nonvolatile material. ”  23    

 Method of application 

 Many of these fl uoropolymer resins are designed to be 

spread over a surface with a paintbrush or roller; however 

to save time and reduce amount of product used, they are 

sometimes applied with a trigger spray. 23  Because this appli-

cation method could cause increased dispersion of particu-

late matter into the air, some authors recommend that cans 
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without propellants should be applied with a paintbrush. 12,23  

While strict adherence to manufacturer-recommended appli-

cation methods is important, many of the reported cases of 

respiratory illness occurred following use of an aerosolized 

product, which was used for years prior to the outbreaks in 

question without incident. Further, other studies have not 

found differences in particle size, number or emission rate 

that could be account for toxicity related to this application 

method. 12,23    

 Personal factors 

 No convincing association between respiratory illness fol-

lowing fl uoropolymer resin use and preexisting individual 

susceptibility factors, such as asthma, allergy, preexisting 

lung disease, upper respiratory illness or smoking status has 

been established. 3,4,22  

 Lazor-Blanchet and Vernez have suggested that fl uoropo-

lymer-related respiratory illness would occur more frequently 

with occupational use (more frequent or longer duration of 

exposure) than in home use (infrequent, shorter duration of 

exposure). 12,23  However, later analysis of national exposure 

data showed that the majority of exposures resulting in ill-

ness, 92% in one series, occur at home. 3,6,8,22,34    

 Environmental 

 Inadequate ventilation in a confi ned space intuitively seems 

like a logical contributor to severity of symptoms after use 

of fl uoropolymer aerosols. Fluoropolymers typically lack 

noxious warning properties such as a pungent odor or upper 

airway irritation. However, there is no consistent relation-

ship between respiratory symptoms after fl uoropolymer use 

and the adequacy of ventilation in the work space. 17,19,22,27  In 

fact, in  post hoc  exposure – response assessment study of 102 

affected persons of respiratory illness following inhalation 

of waterproofi ng sprays, cases were exposed in a variety of 

situations, ranging from short to extended spraying and from 

poorly ventilated rooms to wide open areas. 22     

 Clinical syndrome 

 Illness associated with exposure to fl uoropolymer-contain-

ing products often resembles polymer fume fever, with acute 

respiratory signs, and symptoms predominating the clinical 

picture and often accompanied by fl u-like symptoms. 3,4,12  

Table 1 summarizes the typical signs and symptoms asso-

ciated with fl uoropolymer use. The commonest symptoms 

include non-productive cough and dyspnea, affecting 60% 

or more of patients in one study. 6,8  The illness develops rap-

idly, usually within minutes to hours. In several studies, over 

half of the affected patients presented within 1 h. 6,7  Although 

the persons primarily affected are those using the implicated 

products, clinical effects have been seen from second-hand 

exposure in persons who are not directly using product. 

 Abnormal laboratory studies have generally revealed 

infl ammatory reactions, as evidenced by leukocytosis and 

elevated CRP. 1 – 2,4,6,21,25,28  In one case, marked hypocalce-

mia occurred and was attributed to documented elevations in 

fl uoride concentrations that persisted 30 h after exposure. 1  

Because fl uoride is the most electronegative element, it will 

bind tightly to cations, such as calcium, causing hypocalce-

mia similar to that seen following systemic hydrofl uoric acid 

poisoning. 1 – 2  This patient did not suffer from dysrhythmias. 

 Most patients recover within 24 h, although recovery has 

taken days to weeks. 1,3 – 5,7,16,28  In one study, over 50% of 

patients required hospital admission. 6  Pulmonary symptoms 

may last longer than other symptoms, such as nausea and 

fever. 7,36  Cases requiring endotracheal intubation have been 

reported. 1,6 – 8  Complications have included ARDS and two 

deaths. 1,5,9  While most patients recover fully, persistent 

symptoms are reported, including lung function abnormali-

ties and pulmonary fi brosis. 12    

 Human cases 

 Numerous outbreaks involving humans have been described 

involving various products such as leather conditioner, water 

and soil repellant, fl oor stain repellant, grout sealant and 

ski wax. 1,3 – 4,6,12,23,27 – 28  Reports describing illness associ-

ated with aerosol and non-aerosol products exist; however, 

cases involving aerosol formulations predominate. These 

outbreaks have occurred sporadically over several decades 

with products from various unrelated manufacturers in Asia, 

Europe and North America. A number of outbreaks have 

included hundreds of patients, involving widespread product 

recalls. 

 One example of an outbreak occurred in Switzerland in 

2002 over a two-month period following a formulation change 

of a fl oor stain protector. 12  Reportedly, a tiling company had 

been using the same registered trademark fl oor stain protec-

tor for 4 years without respiratory symptoms until three pre-

viously healthy workers became ill with dyspnea and cough. 

All three patients sought medical care and two patients had 

hypoxemia and required hospital admission. Investigation 

of the product revealed a recent formulation change involv-

ing the solvent and the water-repelling agent. The following 

winter, over 150 cases of similar respiratory outbreaks asso-

ciated with exposure to waterproofi ng agents were reported. 

The same fl uoropolymer produced by the same manufacturer 

was found to be the common constituent in all cases. 

 An unusual episode of respiratory symptoms occurred in 

a 60-year-old male smoker following intense exposure to ski 

   Table 1.  Symptoms and signs seen in fl uoropolymer-associated respi-
ratory illness.  

General
 •  Fever
 •  Chills
 •  Malaise
 •  Myalgias
 •  Generalized weakness

Respiratory
 •  Cough (productive)
 •  Shortness of breath
 •  Tachypnea
 •  Wheeze, rales, and rhonci
 •  Decreased breath sounds
 •  Increased work of breathing

Neurologic
 •  Headache
 •  Dizziness

Abdominal
 •  Nausea and vomiting

Cardiovascular
 •  Chest pain/chest tightness
 •  Tachycardia

Skin
 •  Pallor
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waxing vapors. 1  The ski wax, containing a fl uoropolymer resin, 

is melted with a hot iron (200 – 220 ° C) and applied to the sole 

of the ski to improve gliding on the snow. The affected patient 

fell ill after performing ski maintenance for an entire group of 

skiers on two consecutive evenings, developing symptoms on 

the fi rst night, but proceeding to wax 40 pairs of skis on the 

second night. At the end of the second night, the patient was 

transported to the hospital, where he was noted to have dys-

pnea, cough and hypoxemia and ultimately required endotra-

cheal intubation. The patient was extubated on hospital day 3 

and was discharged home without residual symptoms on the 

eighth day. Although the patient was at high altitude (2500 

m above sea level) during the ski wax exposure, the authors 

felt that fl uoropolymer pyrolysis, and not high-altitude pul-

monary edema (HAPE), was the etiology of the symptoms 

because he never had dyspnea during his multiple previous 

trips to even higher altitudes, he had already been at altitude 

for 12 days prior to developing these symptoms, laboratory 

and radiographic studies showed infl ammation and injury not 

consistent with HAPE and because his symptoms worsened 

with standard HAPE treatments (return to low altitude and 

positive pressure ventilation).  

 Epidemiology 

 USA national data on human exposures to aerosol water-

proofi ng agents are reported to the National Poison Data 

System (NPDS), formerly called the toxic exposure sur-

veillance system (TESS). Data regarding recent exposures 

have been summarized by previous authors. 8  Although the 

inhalation route is the route implicated in the respiratory ill-

ness outbreaks, it appears as though all routes of exposures 

increased over time between 2001 and 2006. 8  During this 

time frame, reported exposures varied with the seasons and 

were more common in fall and winter months. 3,8,12  

 Although many of the case reports describe adult patients, 

the median age following review of the TESS national data-

base suggested that the median age of exposure was 13 years 

(mean 18.2 years) in one report and 33 years in another. 3,8  

The severity of patient outcomes was associated with 

increasing age. 8  One abstract describing 91 persons affected 

from a single German outbreak were predominantly female 

(77%); however, other reports suggest that those affected 

are primarily male. 6 – 8  With regard to the gender predilec-

tions described in some reports, this appears related to the 

implicated product; the reports suggesting a male predilec-

tion involve products used in jobs with a stereotypically 

male predominance, such as grout sealer, whereas the study 

reporting female predominance involved household products 

for indoor use sold at local supermarkets. 

 Most exposures occur following home use of aero-

solized products; however occupational exposures are 

reported. 3,6,8,22,35  Occupational exposures have included 

persons sealing grout, maintaining skis by applying water-

proofi ng wax. One case of respiratory illness resulting from 

huffi ng of the fl uoropolymer product is reported. 34  Illness has 

been reported following product use indoor in areas of poor 

ventilation; however cases following use outdoors in well-

ventilated areas have occurred. 3  Additionally, persons not 

primarily applying the product have been affected after sec-

ond-hand exposure, although less frequently than individuals 

reported to have been using the product themselves. 3  Cases 

involving indirect exposures have occurred, with symptoms 

occurring after indoor exposure to evaporating fl uoropolymer 

resin from shoes and boots that were sprayed outside. 

 Many of these outbreaks occur following a product for-

mulation change, 5,11 – 12,17,21 – 22,27  although one case not fol-

lowing a formulation change is reported. 28    

 Similarity to other well-described disease entities 

 Outbreaks of illness associated with fl uoropolymer prod-

ucts have appeared similar to polymer fume fever, acute 

chemical pneumonitis, and reactive airway dysfunction syn-

drome, occasionally accompanied by nonspecifi c systemic 

symptoms, such as fever, chills, malaise, arthralgias, and 

nausea. 4 – 5,25,27,37,47 – 48  

 Polymer fume fever differs somewhat from pneumonitis 

associated with fl uoropolymer waterproofi ng agents. Poly-

mer fume fever is associated with different polymers, usu-

ally involves heating or burning the polymer, and more often 

includes systemic symptoms. 

 Chemical pneumonitis results from aspiration or inha-

lation of irritants and has been reported after exposure to 

various compounds, including hydrocarbon solvents. 1,27,38  

This entity usually results from either direct injury to dis-

tal airway cells or an exaggeration of normal physiological 

responses. 4,38  Pathological changes in the distal airways 

compromise the alveolar capillary interface, potentially 

leading to pulmonary edema and impaired gas exchange. 38  

Chemical pneumonitis can result in permanent effects such 

as reactive airway dysfunction syndrome (RADS) and bron-

chiolitis obliterans, a clinical picture similar to that seen 

after some waterproofi ng agent exposures. 49,50  Treatment is 

usually supportive. 27  

 Reactive airways dysfunction syndrome (RADS) involves 

bronchial hyper-reactivity resulting from respiratory expo-

sure to irritant gas smoke, fume, or vapor and has been associ-

ated with exposure to a fl uoropolymer. 27,39  Symptoms mimic 

that of asthma and include shortness of breath, cough, chest 

tightness, and wheeze. Diagnostic criteria for RADS include 

symptom onset within 24 h of exposure, persistence for at 

least three months, nonspecifi c bronchial hyper-responsive-

ness, airfl ow obstruction demonstrated by pulmonary func-

tion test, and exclusion of other causes. 39 – 42  Chemicals that 

are most frequently associated with RADS include chlorine, 

toluene, diisocyanate and oxides of nitrogen. 27  Treatment of 

RADS is supportive, involves serial monitoring of patient 

symptoms and lung function and may include steroids, 

beta-2 adrenergic agonists and anticholinergics. 

 Other diseases with similar symptoms include atypical 

pneumonia, congestive heart failure, and hypersensitivity 

pneumonitis. 4     

 Management of symptomatic fl uoropolymer exposures 

 Treatment with basic and supportive measures, including 

fresh air and supplemental oxygen, are suffi cient in many 
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cases. 1 – 4,6,8,12,27 – 28  Inhaled beta-2 adrenergic agonists and 

corticosteroids have been used in some cases. 3,4,12,27 – 28,34  

Based on physical exam evidence of bronchospasm in these 

patients, the reported improvements with these measures, the 

relative safety of these medications, we feel that treatment 

with inhaled beta-2 adrenergic agonists and corticosteroids 

is reasonable. Non-invasive positive pressure ventilation and 

endotracheal intubation have been required in some cases. 1  

Some patients have received antibiotics as pneumonia was 

included in the differential diagnosis. 8  We feel that treatment 

with antibiotics should be reserved for patients with clinical 

fi ndings consistent with respiratory infection. 

 Poison centers in the US and Europe have played a cru-

cial role in the recognition of these disease outbreaks, with 

voluntary recalls beginning the fi rst few days after the fi rst 

reported illness in many cases. 4,5,17    

 Prevention of excessive exposure 

 Consumers should be certain that all commercially available 

waterproofi ng agents are used only as directed and be mind-

ful that ease of access to these products does not imply that 

they are nontoxic. 3  Education aimed at increasing awareness 

and understanding of this problem might help avoid future 

breakouts, and seasonal trends suggest that this education 

should be focused on fall and winter months. 8  General sani-

tation procedures, such as use of dermal protection if skin 

contact is likely; use in well-ventilated areas (outdoors if 

possible); frequent hand washing, especially before eating; 

and avoidance of smoking to avoid exposure to pyrolysis 

products, should be encouraged. 12,22 – 23,43  

 Workplace education may decrease occupational ill-

nesses associated with fl uoropolymer-containing products. 12  

In addition to those measures taken by the average con-

sumer, employers might install and maintain local exhaust 

in proximity to areas where fl uoropolymers are commonly 

used. 43  Workers should apply product by paintbrush when 

possible. 12,23  

 Many of these products do not note the presence of a 

fl uoropolymer on the MSDS as it often comprises less than 

1% of the total ingredients. 6  In addition, identifying the pri-

mary manufacturer of some of these products is diffi cult as 

several levels of distributors may be involved in the packag-

ing and marketing of the fi nal product, further complicat-

ing efforts to obtain the MSDS. 6  Additionally, if identifi ed, 

the manufacturer is sometimes reluctant to release specifi c 

information regarding active ingredients, as these are some-

times considered  “ proprietary in nature. ”  6  Clearly listing the 

primary manufacturer and the presence of fl uoropolymers on 

product containers, perhaps with an obvious warning label, 

might alleviate some of these issues. 12,43     

 Conclusion 

 Fluoropolymer aerosol waterproofi ng agents can produce 

abrupt onset of symptoms, which principally include dys-

pnea and cough. Most victims improve with supportive 

care and supplemental oxygen. However, beta-2 adrenergic 

agonists and corticosteroids may be helpful in some cases. 

Serious outcomes have been reported, including ARDS, the 

need for endotracheal intubation and death, but are uncom-

mon. Better education is needed to increase awareness and 

to prevent future exposures. Further research should focus 

on the mechanism of action, safe exposure limits, and opti-

mal treatment of moderate and severe cases.          

 Declaration of interest 

 The authors report no declarations of interest. The authors 

alone are responsible for the content and writing of the 

paper.   

 References 

    Bracco   D ,  Favre   JB  .  Pulmonary injury after ski wax inhalation expo-1. 

sure .  Ann Emerg Med   1996 ;  32 : 616 – 619 .  

    Perepelkin   KE  .  Fluoropolymer fi bers: physicochemical nature and 2. 

structural dependence of their unique properties, fabrication and use. 

A review .  Fibre Chem   2004 ;  36 : 43 – 58 .  

   CDC .  Respiratory illness associated with boot sealant products  –  fi ve 3. 

states, 2005 – 2006 .  Morbid Mortal Wkly   2006 ;  55 : 488 – 490 .  

   CDC .  Severe acute respiratory illness linked to use of shoe sprays . 4. 

 Morbid Mortal Wkly Rep   1993 ;  42 : 885 – 887 .  

   CDC .  Acute respiratory illness linked to use of aerosol leather condi-5. 

tioner .  Morbid Mortal Wkly Rep   1993 ;  41 : 965 – 967 .  

    Daubert   GP ,  Spiller   HA ,  Crouch   BI ,  Seifert   SA ,  Simone   K , 6. 

 Smolinske   SC  .  Pulmonary toxicity following exposure to waterproof-

ing grout sealer .  J Med Toxicol   2009 ;  5 : 125 – 129 .  

    Ebbecke   M ,  Schaper   A ,  Kotseronis   N ,  Schuster   M ,  Gonder   S , 7. 

 Zilker   T ,  et   al  .  Retrospective clinical study of an epidemic of serious 

intoxications caused by two new household products .  Clin Toxicol  

 2007 ;  45 : 372 .  

    Smolinske   S ,  White   S ,  Daubert   GP ,  Einsenga   B ,  Didrichsons   R , 8. 

 Mowry   J ,  et   al  .  National toxicity trends associated with waterproofi ng 

agents .  Clin Toxicol   2006 ;  44 : 752 – 753 .  

    Tizzard   Z ,  Edwards   J  .  Acute respiratory effects following use of water-9. 

proofi ng sprays: some UK experience .  Thorax   2004 ;  59 : 541 – 542 .  

    Von Essen   S  .  Reformulated leather protectors: safer for the ozone than 10. 

the public .  Clin Toxicol   1996 ;  34 : 25 – 26 .  

    Yamashita   M ,  Tanaka   J  .  Pulmonary collapse and pneumonia due to 11. 

inhalation of a waterproofi ng aerosol in female CD-1 mice .  J Toxicol 

Clin Toxicol   1995 ;  33 : 631 – 637 .  

    Lazor-Blanchet   C ,  Vernez   D ,  Pierre-Olivier   D  .  Acute pulmonary 12. 

toxicity following occupational exposure to a fl oor stain protector in 

the building industry in Switzerland .  Int Arch Occup Environ Health  

 2004 ;  77 : 244 – 248 .  

   IUPAC, Compendium of Chemical Terminology ,  2nd ed .  (the  “ Gold 13. 

Book ” ) (1997). Online corrected version: 2006  “ fl uorocarbons ”  .  

    Lemal   DM  .  Perspective on fl uorocarbon chemistry .  J Org Chem   2004 ; 14. 

 69 : 1 – 11 .  

    Warheit   DB ,  Seidel   WC ,  Carakostas   MC ,  Hartsky   MA  .  Attenuation of 15. 

perfl uoropolymer fume pulmonary toxicity: effect of fi lters, combus-

ition method, and aerosol age .  Exp Mol Pathol   1990 ;  52 : 309 – 329 .  

    Lee   KP ,  Seidel   WC  .  Pulmonary response to perfl uoropolymer fume 16. 

and particles generated under various exposure conditions .  Fundam 

Appl Toxicol   1991 ;  17 : 254 – 269 .  

    Hubbs   AF ,  Castranova   V ,  Ma   JYC ,  Frazer   DG ,  Siegel   PD , 17. 

 Ducatman   BS ,  et   al  .  Acute lung injury induced by a commercial leath-

er conditioner .  Toxicol Appl Pharmacol   1997 ;  143 : 37 – 46 .  

    O ’ Hagan   D  .  Understanding organofl uorine chemistry. An introduc-18. 

tion to the C – F bond .  Chem Soc Rev   2008 ;  37 : 308 – 319 .  doi:10.1039/

b711844a .  

    Clayton   JW  .  Toxicology of the fl uoroalkenes: review and research 19. 

needs .  Environ Health Perspect   1977 ;  21 : 255 – 267 .  



Copyright © Informa Healthcare USA, Inc. 2014

  Fluoropolymer-associated illness: A review  855

    Brown   RFR ,  Rice   P  .  Electron microscopy of rat lung following a 20. 

single acute exposure to perfl uoroisobutylene (PFIB). A sequen-

tial study of the fi rst 24 hours following exposure .  Int J Path   1991 ; 

 72 : 437 – 450 .  

    Heinzer   R ,  Fitting   JW ,  Ribordy   V ,  Kuzoe   B ,  Lazor   R  .  Recurrence of 21. 

acute respiratory failure following use of waterproofi ng sprays .  Tho-

rax   2004 ;  59 : 541 – 542 .  

    Vernez   D ,  Bruzzi   B ,  Kupferschmidt   H ,  De-Batz   A ,  Droz   P ,  Lazor   R  . 22. 

 Acute respiratory syndrome after inhalation of waterproofi ng sprays: 

a posteriori exposure-response assessment of 102 cases .  J Occup 

Environ Hyg   2006 ;  3 : 250 – 261 .  

    Vernez   DS ,  Droz   PO ,  Lazor-Blanchet   C ,  Jaques   S  .  Characterizing 23. 

emission and breathing zone concentrations following exposure cases 

to fl uororesin-based waterproofi ng spray mists .  J Occup Environ Hyg  

 2004 ;  1 : 582 – 592 .  

    Belej   MA ,  Aviado   DM  .  Cardiopulmonary toxicity of propellants for 24. 

aerosols .  J Clin Pharmacol   1975 ;  15 : 105 – 115 .  

    Woo   OF ,  Healey   KM ,  Sheppard   D ,  Tong   TG  .  Chest pain and hypox-25. 

emia from inhalation of a trichloroethane aerosol product .  J Toxicol 

Clin Toxicol   1984 ;  20 : 333 – 341 .  

    Yamashita   M ,  Tanaka   J ,  Yamashita   Y ,  Hirai   H ,  Kajigaya   H  .  Mist 26. 

particle diameters are related to the toxicity of waterproofi ng sprays: 

comparison between toxic and non-toxic particles .  Vet Human Toxicol  

 1997 ;  39 : 71 – 74 .  

    Khalid   I ,  Godfrey   AM ,  Ouellette   DR  .  Chemical pneumonitis and sub-27. 

sequent reactive airways dysfunction syndrome after a single expo-

sure to a household product: a case report .  J Med Case Rep   2009 ; 

 3 : 112 – 117 .  

    Wright   GM ,  Lee   A  .  Alveolitis after use of a leather impregnation 28. 

spray .  Br Med J (Clin Res Ed)   1986 ;  292 : 727 – 728 .  

    Zhao   J ,  Shao   Z ,  Xigang   Z ,  Ding   R ,  Xu   J ,  Ruan   J ,  et   al  .  Suppression of 29. 

perfl uoroisobutylene induced acute lung injury by pretreatment with 

pyrrolidine dithiocarbamate .  J Occup Health   2007 ;  49 : 95 – 103 .  

    Fischer   M ,  Koch   W ,  Windt   H ,  Dasenbrock   C  .  A pilot study on the 30. 

refi nement of acute inhalation toxicity studies: the isolated perfused 

rat lung as a screening tool for surface-active substances .  Altern Lab 

Anim   2012 ;  40 : 199 – 209 .  

    Nelson   LS ,  Odujebe   OA  .  Chapter 124. Simple asphyxiants and pulmo-31. 

nary irritants . In:  Nelson LS, Lewin NA, Howland MA, Hoffman RS, 

Goldfrank LR, Flomenbaum NE, eds .  Goldfrank ’ s Toxicologic Emergen-

cies . 9th ed.  New York: McGraw-Hill; 2011 .  pp. 1643 – 1657 .   http://www.

accessemergencymedicine.com/content.aspx?aID    �    6531757 . Accessed 

October 2, 2013.  

    Oberd ö rster   G ,  Ferin   J ,  Lehnert   BE  .  Correlation between particle size, 32. 

in vivo particle persistence, and lung injury .  Environ Health Perspect  

 1994 ;  102 : 173 – 179 .  

    Rigler   MW ,  Longo   WE ,  Sauerhoff   MW  .  Exposure to fl uoropolymers 33. 

and VOCs during spray sealant product use .  Inhalation Toxicology  

 2001 ;  23 : 641 – 657 .  

    Lalibert é    M ,  Sanfa ç on   G ,  Blais   R  .  Acute pulmonary toxicity linked to 34. 

use of a leather protector .  Ann Emerg Med   1995 ;  25 : 841 – 844 .  

    Heinzer   R ,  Ribordy   V ,  Kuzoe   B ,  Lazor   R  .  Recurrence of acute re-35. 

spiratory failure following use of waterproofi ng sprays .  Thorax   2004 ; 

 59 : 541 – 542 .  

    Caron   MF ,  White   CM  .  Pneumonitis following initiation of a commer-36. 

cially available water repellent .  Clin Toxicol   2001 ;  39 : 179 – 180 .  

    Weibrecht   KW ,  Rhyee   SH  .  Acute respiratory distress associated with 37. 

inhaled hydrocarbon .  Am J Ind Med   2011 ;  54 : 911 – 914 .  

    Kelly   KJ ,  Ruffi ng   R  .  Acute eosinophilic pneumonia following inten-38. 

tional inhalation of Scotchguard .  Ann Allerg   1993 ;  71 : 358 – 361 .  

    Daubert   GP ,  Spiller   HA ,  Crouch   B ,  Seifert   SA ,  Patel   P  .  Pulmonary 39. 

toxicity following exposure to waterproofi ng grout sealer .  Clin Toxi-

col   2006 ;  44 : 704 – 705 .  

    Fink   JN  .  Hypersensitivity pneumonitis . In:   Epler   GR , ed.   Clinics 40. 

in Chest Medicine: Occupational Lung Diseases .  Philadelphia: WB 

Saunders;   1992 .  pp. 817 – 819 .  

    Ubel   FA ,  Sorenson   SD ,  Roach   DE  .  Health status of plant workers 41. 

exposed to fl uorochemicals- a preliminary report .  Am Ind Hyg Assoc  

 1980 ;  41 : 584 – 589 .  

    Alberts   WM , do  Pico   GA  .  Reactive airways dysfunction syndrome . 42. 

 Chest   1996 ;  109 : 1618 – 1626 .  

    Brooks ,  SM ,  Weiss   MA ,  Bernstein   IL  .  Reactive airways dysfunction 43. 

syndrome. (RADS) .  Chest   1985 ;  88 : 376 – 384 .  

    Bardana   EJ  .  Reactive airways dysfunction syndrome (RADS): guide-44. 

lines for diagnosis and treatment and insight into likely prognosis . 

 Ann Allergy Asthma Immunol   1999 ;  83 : 583 – 586 .  

    Albrecht   WN ,  Bryant   CJ  .  Polymer-fume fever associated with 45. 

smoking and use of a mold-release spray containing polytetrafl uoro-

ethylene .  J Occup Med   1987 ;  29 : 817 – 819 .  

   CDC .  Polymer-fume fever associated with cigarette smoking and 46. 

the use of tetrafl uoroethylene .  Morbid Mortal Wkly Rep   1987 ; 

 31 : 515 – 516 , 521 – 522.  

    Williams   N ,  Smith   FK  .  Polymer-fume fever .  JAMA   1972 ;  219 :47. 

 1587 – 1589 .  

    Delgado   JH ,  Waksman   JC  .  Polymer fume fever-like syndrome due to 48. 

hairspray inhalation .  Vet Human Toxicol   2004 ;  46 : 266 – 267 .  

    Burkhart   KK ,  Britt   A ,  Petrini   G ,  O ’ Donnell   SO ,  Donovan   W  . 49. 

 Pulmonary toxicity following exposure to an aerosolized leather 

protector .  Clin Toxicol   1996 ;  34 : 21 – 24 .  

    Jimm   Y ,  Akizuki   N ,  Ohkouchi   M ,  Inase   N ,  Ichioka   M ,  Marumo   F  . 50. 

 Acute lung injury after inhalation of water-proofi ng spray while 

smoking a cigarette .  Respiration   1998 ;  65 : 486 – 488 .    

 Supplementary material available online 

Supplementary Table 1.


