
Restoring Smoke Damaged Textiles ï  
What Does Clean Mean? 

 

By Sean M. Scott 

 

During a structure fire, toxic smoke, volatile organic compounds (VOCs), and particulate matter are 
generated from the vast array of building materials, contents, and household products that 
combust. These chemicals mix and interact with each other to create a vast array of carcinogens, 
poisonous gasses, acids, and other toxins that can cause acute and chronic illnesses, cancer, and 
even death. Some are so toxic that the EPA has designated them as having a zero level of 
permissible exposure limit.  

Clothing, textiles, and other types of soft goods often act like VOC and particulate sponges and are 
highly susceptible to smoke saturation, retention, and contamination during and after a fire, which 
prompts the question; can clothing and other types of soft goods damaged by smoke really be 
completely decontaminated and restored? Can ozone, laundry detergents, and dry-cleaning 
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chemicals remove and/or neutralize every one of the thousands of chemicals and heavy metals 
that may be released in a fire? If so, how can the consumer be assured that the restoration 
techniques are effective and the cleaning chemicals themselves are safe?  

In the restoration industry today, soft goods, clothing, and textiles that are exposed to asbestos, 
lead dust, sewage, blood-borne pathogens, or mold, are typically considered a total loss. Items 
damaged with contaminants such as these are typically inventoried, and then discarded. However, 
in many cases when clothing or soft goods are exposed to highly toxic chemicals, gases, PCBôs, 
and particulates generated by a fire, many of which are far more toxic than asbestos, lead, mold, 
or other contaminants, a different approach is often taken. Here, the theory is that soft goods and 
fabrics can be completely sanitized and deodorized by placing them in an ozone chamber for a 
couple days, using commercial grade laundry detergents, dry cleaning, and other cleaning 
methods. But are these methods truly 100% effective in removing all contaminants, VOCôs, and 
particulates or are the proponents of ozone and the manufacturers of cleaning chemicals not telling 
us something?  

Like the snake oil salesmen of the 
1800ôs, proponents of ozone make it 
sound like it is a miracle elixir that can 
cure all the ills of smoke damage and 
remove every particle, chemical, and 
contaminant. If this is true, then why 
does the EPA state the following? 
ñThere is a large body of written 
material on ozone and the use of ozone 
indoors. However, much of this material 
makes claims or draws conclusions 
without substantiation and sound 
science. Often the vendors of ozone 
generators make statements and 
distribute material that lead the public to 
believe that these devices are always 
safe and effective in controlling indoor 
air pollution. For almost a century, 
health professionals have refuted these 

claims.ò 1 The same holds true for many 

of the chemicals used in the restoration 
industry, many of which have not been 
thoroughly researched or studied. 

WHAT DO WE KNOW? 

Research has barely scratched the surface on identifying the tens of thousands of chemicals that 
can be created in a structure fire and even less is known on what cleaning agents or methods are 
truly effective to clean, restore, and/or decontaminate smoke damaged soft goods. So, how do we 
know for sure when items contaminated by smoke and sent to be cleaned arenôt contaminated or 
when they are returned to be used or worn? If toxic chemicals and particulates generated by a fire 
are known to be human health hazards or carcinogenic through inhalation or absorption through 
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the skin, then restoration and cleaning companies should have some method to scientifically verify 
that their restoration methods work, right?  

If you were to send smoke 
damaged baby clothes to be 
treated with ozone and 
cleaned, is there a possibility 
that toxic particulates laden 
with harmful chemicals could 
be trapped in the fabric? If 
so, could these toxic 
particulates be absorbed by a 
babyôs skin and cause a 
reaction, sickness, disease, 
or worse? The answer is a 
resounding yes! 

Most restoration practitioners 
rely on physical appearance 
and the sense of smell to 
determine whether something 
is clean or not.  However, the 
real dangers lie in what you 
canôt see or smell. Although 

an item may appear clean and have a fragrance that some identify as clean, the real dangers are 
toxic VOCôs that may be camouflaged or microscopic particulates that may be embedded in the 
material.  

LESSONS LEARNED FROM THE FIRE SERVICE 

Firefighters are exposed to a wide range of toxic chemicals and hazardous substances during 
firefighting. These contaminant exposures pose significant dangers to firefightersô immediate and 
long-term health, with an increased risk of cancer topping the list. The contaminants in and on 
firefighting equipment such as soiled turnout coats and personal protective equipment cross-
contaminate everything and everyone they come in contact with. If there is exposure to gases or 
vapors, liquids, or particles, these substances will get onto clothing and in some cases, certain 
substances may not come off even during cleaning. 

Modern materials, especially synthetics, present an increasingly complex mixture of combustion 
products, with most of these substances harmful for human exposure, including a number of 
known carcinogens. There is a long list of substances that include a variety of hazardous 
compounds such as heavy metals, inorganic chemicals, volatile organic compounds and semi-
volatile organic compounds, which are further broken down into categories such as polynuclear 
aromatic hydrocarbons (PAHs), phthalate-based plasticizers, dioxins, halogenated flame 
retardants, and particulates.   
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Examples of Hazardous Substances at Fire Scenes 
Heavy Metals: 
Antimony, arsenic, boron, cadmium, 
chromium, cobalt, mercury, molybdenum, 
nickel, lead, lithium, selenium, strontium, 
thallium, thorium, titanium, zinc, etc. 

Semi-Volatile Organic Compounds: 
Acenaphthylene, acenaphthene, fluorene, 
phenathrene, anthracene, fluoranthrene, 
pyrene, chrysene, acetophenone, di-n-butyl-
phthalate, di-n-octyl phthalate, phenol, 2-
methylphenol, 4-chloro-3-methylphenol, etc.   

Hazardous Chemicals:  
Hydrogen cyanide, sulfur dioxide, nitrogen 
oxide, ammonia, phosgene, chlorine,  
sulfuric, hydrochloric, nitric, and other acids 
and bases, dioxins, furans, PCBôs, PAHôs, etc.  
 

Chemical Mixtures: 
Gasoline, automotive chemicals,  pesticides, 
herbicides, household cleaning products, 
swimming pool chemicals, etc. 

Volatile Organic Compounds: Acrolein, 
aldehydes, formaldehyde, benzene, methanol, 
naphthalene, styrene, toluene, etc. 
 

Other Substances:  
Particulate matter, asbestos fibers, chemicals 
used in the manufacture of illicit drugs, toxic 
molds, etc. 
 

TEXTILE CONTAMINATION AND EXPOSURE 

Particulate contamination in a structure fire setting is comprised primarily of the carbon particles 
from incomplete combustion. These carbon or soot particles adsorb fire gases and hold them in 
small pores within the particles, making them more dangerous than just the plain carbon. While 
many particles are visible, many are submicron in size and easily get into any porous surfaces or 
fabric mesh. Longer exposures produce higher levels of contamination saturation and the extent of 
contamination depends on the nature of the substances involved.  

All contamination seeks to be diluted. This is a principle called chemical mass transfer. The best 
example is if you took an open container of a volatile chemical (like acetone) and placed it inside a 
closed room. Over time, the chemical would evaporate and eventually would be equally distributed 
at the same concentration throughout the room. So, whereas the chemical is initially in a very 
concentrated state in the container, it becomes significantly less concentrated and spreads over a 
broader area over time. This principle also applies to contamination. Clothing and soft goods 
becomes contaminated by smoke during a fire, picking up fire gases, absorbing liquids, and 
accumulating particles.  

Other forms of the contamination remain tightly bound to the clothing. This occurs as the result of 
chemicals that have directly permeated or penetrated the materials or were absorbed onto soot 
particles that remain in and on materials. Chemicals that do not easily evaporate, generally 
referred to as semi volatile chemicals, are persistent and create longer lasting forms of 
contamination. Their continued presence in or on fabric items results in a more chronic exposure, 
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either through inhalation or dermal exposure. Many smoke substances are toxic through skin 
absorption, which can be accelerated by increased temperature and sweating.  

The images above are clean and soiled turn out coat fabric swatches side-by-side with electron 
microscope photographs showing dirt particles embedded in the soiled swatch under extreme 
magnification. (Photo courtesy of the NIOSH National Personal Protective Technology Laboratory 
and Health Effects Laboratory Division.) 

Fire smoke presents a complicated mixture of toxic chemicals, some of which are persistent and 
some of which are known carcinogens or acute skin hazards. Many of these chemicals will become 
entrained within the clothing materials or penetrate the clothing and get onto your skin. While your 
skin can be a great barrier for many substances, some chemicals more easily permeate and can 
get into your bloodstream more readily than others. Such chemicals with continued exposure over 
long periods of time can result in increased risk for a variety of health disorders.   

Smoke particles generated by a fire are generally very small, many in the range of a hundredth of 
a micron in diameter. These particles are present in very high concentrations and, given their size, 
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easily penetrate small pores and openings in clothing. The carbon particles adsorb fire gases 
created by the decomposition of materials during a fire, leading to a myriad of different chemicals. 
This adsorption holds onto the particles and the gases that otherwise would dissipate and be 
diluted in the environment. Added to these attributes are high levels of heat and moisture, which 
exacerbate the contamination process, especially when there are additional exposures to a variety 
of melted materials that can deposit on clothing surfaces. The result is a relatively complex set of 
contaminants that are distributed in different ways throughout the clothing. Moreover, given that 
every fire has its own DNA, the vast range of conditions leads to varying degrees of contaminants. 

ASSESS AND VALIDATE CLEANING EFFECTIVENESS 

The missing element in soft good restoration is judging just how effective the cleaning is. We know 
that washing generally appears to remove soils and that clothing can look closer to its original 
appearance after being cleaned. In some cases, the clothing smells ñclean,ò leading us to believe 
that washing the clothing really works.  

Appearance and odor are not enough to assess whether the clothing has been adequately cleaned 
and, more importantly, decontaminated. While some cleaning processes impart fragrance to the 
laundered item, these odorants may only mask 
any scent from a continuing contaminant. The 
reality is that the smell of ñcleanò is no odor at all. 
The problem with determining whether soft 
goods are clean is being able to evaluate the 
clothing scientifically.  

One approach to evaluating clothing for 
contamination or cleanliness involves getting 
ñsamplesò from the clothing and then sending 
those samples to a qualified laboratory for 
analysis. This requires a certain level of expertise. 
Sampling methods include using surface wipes, 
soaking the clothing in small volumes of water with 
detergent, and physically removing samples for 
destructive analyses. These techniques can easily 
be applied anywhere but have to be properly 

administered to get appropriate results. 2 

 

THE USE OF OZONE ð FRIEND OR FOE? 
 
Textile restoration companies rely heavily on the use of ozone as one of the key steps in the 
restoration process. Letôs take a look at the pros and cons of using ozone, starting with one 
proponentôs opinion: ñOzone is a highly effective natural sterilizer that can inactivate practically any 
organic contaminant on contact. As it is a highly reactive gas, ozone continually reverts back to its 
most stable form by releasing one of its atoms to turn back into oxygen (from O3 to O2). As the 
additional oxygen atom breaks free, it will oxidize any organic matter it touches, killing organic 
contaminants at a cellular level. Essentially, ozone disrupts the cellular structure by rupturing the 
cell wall ï a process referred to as ócell lysingô. 
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By intelligently controlling atmospheric ozone concentration, we are able to safely decontaminate 
any given area, as the additional oxygen atom in ozone oxidizes and inactivates a broad spectrum 
of pathogens. Our sanitation process is highly effective for treating the air and surfaces in any area 
through the eradication of: Bacteria, Viruses, Odors, Allergens, Mold ï Fungus, VOCôs. 
 
The ozone rich atmosphere is sustained for a short period of time, typically one hour, during which 
time all bacteria and other unwanted elements are destroyed. When the sanitation process is 
complete, ozone rapidly reverts back into oxygen. This is further accelerated by an ozone 
deactivation program, so the process can be completed very quickly. 
 
Advantages of using ozone: Imagine the possibilities created by safely harnessing the sanitizing 
power of ozone in gaseous form. As a gas, ozone is at its most effective. Ozone gas can fill areas 
very quickly, will penetrate into places that are traditionally difficult to reach (including fabrics and 
upholstery) and will inactivate contaminants on contact. Consider the labor force, time and range of 
chemicals required to disinfect the entirety of a large room and its contents. 
 
By using ozone instead, all of the walls, the doors and door-frames, the windows, the floor, the 
ceiling, the contents, soft furnishings and even the air can be treated automatically, with no 
additional chemicals and in a very short timescale. 
 
With traditional sanitizing methods there is a risk of re-contamination as contaminates can 
potentially be spread around the area on cleaning cloths and implements. This risk is completely 
negated by using ozone sanitation. As ozone is a gas composed entirely of oxygen, it leaves no 
chemical residue whatsoever. 
 
At the end of the sanitation process, the only by-product remaining is fresh clean air. When 
compared to traditional chemical sanitizing agents, ozone would therefore seem the natural choice 
for any organization looking to reduce the environmental footprint, time and labor requirement of 

their current sanitation processes.ò 3  

 
Now, letôs take a look at what federal government agencies and science has to say about ozone: 

 

1) Ozone can react with air and create nitrogen dioxide if it is improperly generated.4 Nitrogen 

dioxide is corrosive to the skin and the respiratory tract. Inhalation of the gas or the vapor 

may cause lung oedema. Exposure far above the occupational exposure limit may result in 

death and the effects may be delayed.5   
 

2) Ozone reacts with terpenes to create formaldehyde. Terpenes are organic compounds and 

major components of resin and of turpentine produced by conifer trees (pines, cedars, 

spruces, redwoods, etc.) Reactions of ozone and terpenes lead to the production of 

carbonyls such as formaldehyde and acetaldehyde, organic acids, hydrogen peroxide, 

secondary organic aerosols and hydroxyl (OH) radicals. Produced OH radicals chain-react 

with volatile organic compounds or carbonyl compounds in indoor environments, resulting in 

the generation of additional oxidation products. Although a large volume of research related 

to the production of secondary organic aerosols has been reported, information about many 

of the individual secondary products during ozone oxidation of terpenes is limited. 
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Additionally, the mixture of oxidation products appears to have significant irritant properties. 

Acetaldehyde and formaldehyde were not decomposed by ozone.6  
 

3) Sulfuric acid can be produced from ozone, water and either elemental sulfur or sulfur 

dioxide: Ozone reacts with hydrogen sulfide to create sulfur dioxide.7 Sulphur Dioxide reacts 

with humidity and forms sulphuric and sulphurous aerosol acid. It causes breathing difficulty, 

airways inflammation, psychic alterations, pulmonary edema, heart failure, and circulatory 

collapse. Sulphur dioxide is also associated with asthma, chronic bronchitis, morbidity and 

mortality increase in the elderly and infants.8 

 

4) Formic acid can be produced with the use of ozone. This substance is a medium strong acid 

that reacts violently with oxidants and is an explosion hazard. It attacks many plastics and 

metals.  It can be absorbed into the body by inhalation of its vapor, through the skin and by 

ingestion. A harmful contamination of the air can be reached rather quickly on evaporation 

of this substance at 68 degrees Fahrenheit. The substance is very corrosive to the eyes, the 

skin and the respiratory tract and is corrosive on ingestion. Inhalation of the vapor may 

cause lung oedema. The substance may cause effects on the energy metabolism, resulting 

in acidosis.9   

Some manufacturers and advocates for ozone claim that ozone will render almost every chemical 
contaminant harmless by producing a chemical reaction whose only by-products are carbon 
dioxide, oxygen and water. This is misleading. 
 

¶ First, a review of scientific research shows that, for many of the chemicals commonly found in 
indoor environments, the reaction process with ozone may take months or years (Boeniger, 1995). 
For all practical purposes, ozone does not react at all with such chemicals. And contrary to specific 
claims by some vendors, ozone generators are not effective in removing carbon monoxide (Salls, 
1927; Shaughnessy et al., 1994) or formaldehyde (Esswein and Boeniger, 1994). 
 

¶ Second, for many of the chemicals with which ozone does readily react, the reaction can form a 
variety of harmful or irritating by-products (Weschler et al., 1992a, 1992b, 1996; Zhang and Lioy, 
1994). For example, in a laboratory experiment that mixed ozone with chemicals from new carpet, 
ozone reduced many of these chemicals, including those which can produce new carpet odor. 
However, in the process, the reaction produced a variety of aldehydes, and the total concentration 
of organic chemicals in the air increased rather than decreased after the introduction of ozone 
(Weschler, et. al., 1992b). In addition to aldehydes, ozone may also increase indoor concentrations 
of formic acid (Zhang and Lioy, 1994), both of which can irritate the lungs if produced in sufficient 
amounts. Some of the potential by-products produced by ozoneôs reactions with other chemicals 
are themselves very reactive and capable of producing irritating and corrosive by-products 
(Weschler and Shields, 1996, 1997a, 1997b). Given the complexity of the chemical reactions that 
occur, additional research is needed to more completely understand the complex interactions of 
indoor chemicals in the presence of ozone. 
 

¶ Third, ozone does not remove particles (e.g., dust and pollen) from the air, including the particles 
that cause most allergies. However, some ozone generators are manufactured with an "ion 
generator" or "ionizer" in the same unit. An ionizer is a device that disperses negatively (and/or 
positively) charged ions into the air. These ions attach to particles in the air giving them a negative 
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(or positive) charge so that the particles may attach to nearby surfaces such as walls or furniture or 
attach to one another and settle out of the air. In recent experiments, ionizers were found to be 
less effective in removing particles of dust, tobacco smoke, pollen or fungal spores than either high 
efficiency particle filters (HEPA) or electrostatic precipitators. (Shaughnessy et al., 1994; Pierce, et 
al., 1996).  
 

¶ In an experiment designed to produce formaldehyde concentrations representative of an 
embalming studio, where formaldehyde is the main odor producer, ozone showed no effect in 
reducing formaldehyde concentration (Esswein and Boeniger, 1994). Ozone is not considered 
useful for odor removal in building ventilation systems (ASHRAE, 1989). 
 

¶ While there are few scientific studies to support the claim that ozone effectively removes odors, it is 
plausible that some odorous chemicals will react with ozone. For example, in some experiments, 
ozone appeared to react readily with certain chemicals, including some chemicals that contribute 
to the smell of new carpet (Weschler, 1992b; Zhang and Lioy, 1994). Ozone is also believed to 
react with acrolein, one of the many odorous and irritating chemicals found in secondhand tobacco 
smoke (US EPA, 1995).  
 

¶ Some data suggest that low levels of ozone may reduce airborne concentrations and inhibit the 
growth of some biological organisms while ozone is present, but ozone concentrations would have 
to be 5 - 10 times higher than public health standards allow before the ozone could decontaminate 
the air sufficiently to prevent survival and regeneration of the organisms once the ozone is 
removed (Dyas, et al.,1983; Foarde et al., 1997). 
 

¶ Even at high concentrations, ozone may have no effect on biological contaminants embedded in 
porous material such as duct lining or ceiling tiles (Foarde et al, 1997). Even with high levels of 

ozone, contaminants embedded in porous material may not be affected at all.10  
 

5) Ozone reacts with water vapor and creates hydrogen peroxide. Reactions studied produced 
H2O2 and a significant increase in the yields of H2O2 was observed when water vapor was 
present. The 'water effect' is the result of a direct reaction of water vapor with the Criegee 

biradical (the main intermediate in reactions of ozone with alkenes).11 

 
6)  Although it resembles oxygen in many respects, ozone is much more reactive; hence, it is an 

extremely powerful oxidizing agent, particularly useful in converting olefins into aldehydes, 

ketones, or carboxylic acids.12  
 
7) Ozone creates Methyl Bromide (Bromomethane). Biproducts of ozonation that have been 

identified include formaldehyde and other aldehydes, carboxylic acids, hydrogen peroxide, 

bromate, bromomethanes, brominated acetic acids, brominated acetonitriles and ketones.13 

 
The hazard summary from the EPA states that methyl bromide is used as a fumigant and 
pesticide.  Exposure typically occurs during fumigation activities.  Methyl bromide is highly toxic. 
Studies in humans indicate that the lung may be severely injured by the acute (short-term) 
inhalation of methyl bromide.  Acute and chronic (long-term) inhalation of methyl bromide can 
lead to neurological effects in humans.   
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Studies in humans indicate that the lung may be most severely injured by the acute inhalation 
exposure of methyl bromide.  Breathing high concentrations of methyl bromide may cause 
pulmonary edema, impairing respiratory function. Acute exposure by inhalation of methyl bromide 
frequently leads to neurological effects in humans. Symptoms of acute exposure in humans 
include headaches, dizziness, fainting, apathy, weakness, confusion, speech impairment, visual 
effects, numbness, twitching, and tremors; in severe cases paralysis and convulsions are possible.  
Acute exposure may produce delayed effects.  Symptoms may improve without treatment in less 
serious cases. Methyl bromide is irritating to the eyes, skin, and mucous membranes of the upper 
respiratory tract.  Dermal exposure to methyl bromide can cause itching, redness, and blisters in 
humans. Kidney damage has been observed in humans who have inhaled high levels of methyl 
bromide. Inhalation of methyl bromide may cause the liver to become swollen and tender, but no 
significant injury to the liver has been observed in humans.  Injury to the heart has been observed 
in mice and rats exposed to high concentrations of methyl bromide by inhalation. Tests involving 
acute exposure of rats and mice have demonstrated methyl bromide to have high acute toxicity 
from inhalation and oral exposure.  

 
Data from an occupational study suggest that mild functional neurological impairment may result in 
humans chronically exposed to methyl bromide by inhalation exposure, but this is not conclusive 
due to concurrent exposure to other chemicals and inadequate quantitation of exposure levels and 
durations. Neurological effects, including lethargy, forelimb twitching, tremors, and paralysis, have 
also been observed in animal studies. Certain types of fabrics and clothing components can be 

damaged or destroyed by ozone use.14 

 

8) Health experts warn that it is important to control conditions to ensure that no person or pet 
becomes exposed to high levels of ozone. Ozone also masks the odor of some pollutants 

by impairing a person's sense of smell.15  
  

9) Beware of Ozone-generating Indoor ñAir Purifiersò. Manufacturers sometimes 
inappropriately refer to ozone as ñactivated oxygen,ò ñsuper oxygenatedò or ñenergized 
oxygen,ò implying that ozone is a healthy kind of oxygen. Because ozone reacts with some 
other molecules, manufacturers claim that the ozone produced by these devices can purify 
the air and remove airborne particles, chemicals, mold, viruses, bacteria, and odors. 
However, ozone is not effective at cleaning the air except at extremely high, unsafe ozone 
levels, and then it is only partially effective. Persons especially vulnerable include children 
and those who suffer from asthma or other respiratory diseases, including the elderly.  

 
Ozone can also damage materials such as rubber, fabrics, plastics and other indoor furnishings. 
Ozone can react with existing chemicals in the air to create other toxic pollutants, most notably 
formaldehyde and ultrafine particles. Evidence shows that ozone concentrations below the health 
standards are not effective in removing many odor-causing chemicals. Ozone is also known to 
deaden oneôs sense of smell. Not only does this disguise rather than eliminate odors, it can also 
have the dangerous effect of decreasing a personôs ability to detect high ozone levels. For more 
information on the health effects of ozone, visit 

http://www.arb.ca.gov/research/aaqs/caaqs/ozone/ozone.htm. 16 
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MY OWN EXPERIMENT RESULTS ð A MAJOR CAUSE FOR CONCERN 
 
Typically, after a fire where clothes are affected by smoke, insurance adjusters opt to have content 
cleaning companies remove the clothes from the premises and have them cleaned and 
deodorized. Then once the home is rebuilt or restored, the ñcleanedò clothes are returned and the 
life of the homeowner is supposed to be back to normal. Being somewhat skeptical, I decided to 
conduct an experiment where I sent a couple articles of smoke damaged clothing to a leading 
textile restoration company to have them cleaned and deodorized. The articles were a pair of 
toddlerôs purple polka dot pajamas and an infantôs red onesie. Both articles had been in a 
residential structure fire where a ground floor bedroom was completely gutted and the remainder of 
the home had moderate to heavy smoke damage throughout. Both articles were taken from a room 
that was furthest away from the fire source and both had a very strong pungent smoke odor.  
 

This is the location where the sample clothes were taken. 

 

The following pages show photos of the actual experiment clothes before the cleaning: 
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