Cleaning Structures for Chemically Sensitized Individuals
By
Michael A. Pinto, CSP, SMS, CMP, CFO
Know What You Are Getting Into
As will be explained in greater detail, cleaning and restoration professionals are increasingly
being faced with the challenge of responding to situations where chemically sensitive individuals
are involved. While many professionals have some experience with individuals sensitive to
specific contaminants like mold or spray-foam insulation, there is little documentation directed
toward this industry that deals in a comprehensive way with the challenges of people who may
have a low tolerance for chemicals as well as specific contaminants.
This material is the first of a five part series that discusses how to clean and restore buildings that
are/will be occupied by sensitized individuals. This kick off provides a foundation for the entire
series by offering science-based evidence regarding the basis and extent of the issues related to
chemically sensitized individuals. Subsequent parts will focus on the specific cleaning
techniques of source removal, neutralization, off-gassing, and oxidation (see illustration 1).
At this point a word of warning is in order. This series contains a large number of references to
particular products and processes. This specificity is intentional and based on the author’s
experience with a wide range of products and vendors; as well as wisdom gleaned from
contractors through hundreds of classes and projects. Hopefully, these tacit endorsements will
help professionals make better choices when deciding how to address specific situations. Of
course, it comes with the risk of unintentionally offending the makers of competing products or
technologies with which I am not yet familiar. My contact information is shared at the end of
each part of this series to allow individuals to offer such information, if desired.
What is critical to emphasize in regards to the named items is that the author does not have a
direct financial interest (i.e., sales commissions, distribution fee, etc.) in any of the products or
processes discussed in this series. It is a point of professional pride to learn about as many
potentially relevant technologies as possible. Over three decades in the industry Wonder Makers
has provided consulting services to many of the organizations that offer products to the industry,
including some mentioned in this series, so this disclaimer is important for readers to keep in
mind as they move through the material.
Why Is This Subject Important?
If a cleaning or restoration professional has not yet dealt with one of the growing groups of
people who are sensitive to chemical or biological contaminants, odds are that they soon will
have a project with that sort of additional challenge. One of the difficulties is that there are still a
number of different terms used to identify the physical conditions associated with sensitivity.
Two of the most common descriptors applied to such people are individuals with “chemical
intolerance” (CI) or “multiple chemical sensitivity (MCS). What ties the terms together is a
definition which typically is described in medical documents as:
Individuals report that they feel ill in multiple physiological systems from low levels of a wide
range of chemically unrelated environmental substances.

One of the key words in the above description is “physiological”. This drives home the point
that, despite many unsupported stories to the contrary, chemical sensitivity is not just
psychological. In other words, it is not all just in their heads.
As the medical community continues research into this field, the focus has turned to the question
about what role a person’s genetic make-up plays in their likelihood of becoming chemically
sensitized. Depending on which study is reviewed the data indicates that 15-30% of the general
population are highly “sensitizable.” The researchers come to these numbers by evaluating large
groups of people and measuring their heart rate, blood pressure, and immune system allergic
response markers. An interesting sidebar to the sensitization research was the realization that
individuals that are sensitized are more likely to be diagnosed with Chronic Fatigue Syndrome
(CFS), Chronic Fibromyalgia (CF), Chronic Inflammatory Response Syndrome (CIRS), and
other previously mysterious maladies.
What is clear is that in addition to genetics certain other factors play a role in chemical
sensitivity. Gender is one key factor with nearly 2/3 of all medically diagnosed cases of
chemical sensitivity being females. A family history of one or both parents being sensitized
means that any children will have a significantly greater chance of becoming chemically
sensitized as well. Finally, a parent’s alcohol use, particularly a mother-to-be who abuses alcohol
during pregnancy, is more likely to bear a child that grows up to be chemically sensitized than
other children.
Acute or Chronic Exposures; It Is Still Chemicals
This research into susceptibility is starting to answer some lingering questions in the field of
chemical sensitization. Many cases have demonstrated that a big “trigger event”, such as
exposure to a chemical as a result of an accidental release, will cause chemical sensitization in a
very large percentage of the exposed population. But, even in that sort of scenario only a portion
of the people exposed will develop any long term sensitivity to the initial chemical or a broader
range of chemicals. The distinctions in individuals developing a reaction are even more
pronounced if the trigger event is a chronic situation, one where the exposure happens a little at a
time over a period of weeks or months.
Of course, the primary cause of chemical sensitivity is exposure to chemicals. However,
controlling chemical exposure, especially for children, is increasingly difficult because more
chemicals are being added to our lives every day. Some of the main sources of chemical
exposure include off-gassing from building products, use of personal care items, building
contents and furnishings, packaging supplies, food, and residual chemical contamination in our
indoor and outdoor environment.
Compared to 40 or 50 years ago most people have dramatically increased their exposure to
chemicals. It is not just that people tend to spend more time indoors; a big factor is that buildings
are constructed to be more air tight. In addition to increased energy efficiency, the trend of
tighter buildings traps more of the chemicals that are off-gassed. It also means that there is less
dilution of small particles that are created during daily life activities and cleaning.

Cleaning To Address All the Chemical Transport Mechanisms
The simple reality is that dust and chemicals are present in our buildings. Contractors wishing to
help individuals with chemical sensitivities by conducting specialized cleaning, or those who
want to avoid problems by proper cleaning after a restoration activity, have to address both the
chemicals and the dust. Modern house dust has a significant percentage of chemical solids as part
of its makeup. In addition, many of the other dust particles, particularly those that are fibrous,
absorb vaporous chemicals. That is why source removal, including the removal of residual built
up dust, is key to addressing the concerns of chemically sensitized building occupants.
Cleaning and restoration professionals that want to protect and grow their businesses need to
recognize that the number of chemicals and chemically sensitized people found in buildings are
both growing at a significant rate. This is not a good combination. The frequency with which
individuals are experiencing adverse reactions to chemicals is obvious evidence that there is a
growing group which cannot tolerate the "normal" chemical load in today's modern buildings. In
those situations, the contaminants must either be cleaned or neutralized in order to protect or
facilitate recovery of their health. Professionals in the cleaning and restoration industry can
certainly rise to this challenge if they just take a few minutes to understand the needs of these
potential clients and review their work procedures with the goal to properly service all of their
customers, even if they are chemically sensitizable.
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Cleaning Structures for Chemically Sensitized Individuals
Part 2 – Source Removal
By
Michael A. Pinto, CSP, SMS, CMP, CFO
In the first part of this series a number of core concepts were introduced including the:
 explanation of chemically sensitized individuals,
 term "sensitizible”
 impact of gender, genetics, routes of exposure, and type of exposure
 importance of cleaning dust; since dust is the "carrier" for many chemicals
Now it is time to start discussing some specifics*. As we begin, it is important to remember that
cleaning structures for chemically sensitized individuals involves the removal or control of chemical
source material as well as the removal of chemical residues; including residue that has adhered to
dust. Parts 3, 4, and 5 of this series will focus on removal or control of chemical sources through
neutralization, off-gassing, and oxidation. In this segment we will focus on physical removal of the
offending materials and cleaning techniques for the microscopic particles that also contribute to the
problem.
Removal of Contaminant Sources
The physical removal part is pretty straightforward. If a mattress, pillow, couch, or other upholstered
furniture has a foam component that is off-gassing, there may be no cheaper alternative than
removing and replacing it with something that does not have an offensive component. The same may
be true for particle board furniture, orient strand board (OSB) or medium density fiberboard (MDF)
sheathing, or finished interior surfaces that will not cure out properly.
As radical as removal of building materials may seem, is often much cheaper to address the problem
head-on then try and "dance" around it with various treatment options and still end up facing
removal when the other control techniques fail. Our organization recently assisted a homeowner who
faced the daunting prospect of tearing out all of the paneling in a recently remodeled basement
recreation room. The remodeler used a beaded style MDF panel and the off-gassing created low
levels of obnoxious odors that quickly started creating symptoms, even when she avoided entry to
that basement room. The amount of installed materials and significant odor obvious from each piece
argued strongly for quick removal. Instead, the owner chose to implement a number of potential
curative techniques only to come to the conclusion the cost of deteriorating health was much more
significant than replacement of an entire room of paneling.
Other situations also call for physical removal despite the complexity of such work. Many experts
who deal with spray foam insulation confirms that poorly applied material that do not cure properly
during the initial installation often have to be removed. Presentations at industry conferences have
graphically illustrated the problems in such situations by showing workers laboriously scraping foam
from every nook and cranny of an interior wall cavity and even cutting the top of the entire house off
when spray foam in the attic had to be removed.

Cleaning to Remove Microscopic Sources
Even if source removal is the primary approach to dealing with chemical sources in a building,
detailed cleaning typically is also part of the process. While procedures for effective cleaning small
dust particles can seem extreme to individuals outside the cleaning and restoration industry,
professionals have had to develop effective techniques in order to address a variety of environmental
contaminants. Rather than reinvent the wheel, individuals involved in cleaning structures for
chemically sensitized individuals should adapt the processes that have been proven effective for
cleaning up asbestos fibers, lead dust particles, mold, and infectious agents. "Borrowing" products
and techniques from other industries means that the process for effectively cleaning structures is
constantly changing as contractors have an ever-growing toolbox full of products to rely on.
One of the most overlooked cleaning devices for the chemically sensitized occupants is the existing
HVAC system. Low efficiency fiberglass filters (approximately 25% efficient for micron sized
particles) are utilized in many heating and cooling systems but their main purpose is to keep dust and
lint from building up on the heating or cooling coils. Such filters are not intended to improve air
quality. In contrast, many moderate to high end HVAC units are now designed to work with medium
and high-efficiency filters which can screen out up to 95% of micron sized particles. Installing such
filtration, along with a variable speed fan in the unit that can be set to run 24/7, will not only address
large particle capture to keep higher background levels of small dust particles from building up in
the structure over time.
Although it is just starting to penetrate into the residential market, some new technology will be a
big boon to occupants who are trying to control chemicals and particles in their homes. Adding a
CosaTron air purification equipment to the HVAC system does not create any back pressure. It is a
non-ionizing, non-ozone generating, electrical excitation technology that forces smaller particles to
coalesce into larger ones so that the standard filters become more efficient. Interestingly, the
CosaTron unit is installed on the HVAC system after the filter box rather than in front of it.
A Vacuum That Works
Another underappreciated cleaning device is an industry stalwart -- the HEPA filtered vacuum.
Although some sensitized individuals have been convinced that high-end, luxury, vacuums are the
only ones that will clean properly, this is far from the truth. There is no need to spend $1200-$2000
on a Miele, Electrolux, or Stimvac. In fact, a decade old report in the European Journal of Allergy
and Clinical Immunology showed that many expensive upright vacuums did little to reduce the users
exposure to pet allergens.
When advising our sensitized clients, we recommend regular cleaning with a canister style HEPA
filtered vacuum. We are quick to warn them that shop vacs with HEPA filters are not effective. In fact,
EPA tests to evaluate such vacuums shortly after they implemented their Lead Renovation Repair and
Painting rules (RRP) showed that shop vacuums with HEPA filters can actually make the contamination
situation worse because they are not properly sealed. That is why we direct our clients to reasonably
priced industrial-style HEPA vacuums. Although we have experience with many of the leading brands in
the industry such as Pullman/Holt and Nilfisk, we have found good value in regards to price and
performance from Pro-Team and Nikro.

Supplementing the HEPA Vacuuming Process with Microfiber Cloths
While HEPA vacuuming is essential, it is only one step of the cleaning process. Many individuals in the
cleaning and restoration industry are familiar with the "HEPA sandwich" cleaning process. This term
describes a process where the HEPA vacuuming of surfaces is "sandwiched" around a damp wipe
cleaning. Many thanks go to my friend and colleague Rachel Adams for popularizing this process which
has become such a mainstay in the industry.
One of the newer products that is available to supplement the HEPA vacuuming is cleaning with
microfiber cloths. While such cleaning cloths have been around for more than a decade, they typically
have been utilized like enhanced shop towels. Because of the initial expense of the microfiber cloths it
led to their being used repeatedly with washing in between each use. Unfortunately, microfiber towels
are not shop towels. To maintain their performance characteristics they have to be laundered in a very
precise way using specific cleaners. The wrong chemicals, water temperature, wash/rinse sequence, or
drying temperature can ruin the microfiber towels so that they just smear small particles around instead
of removing them up. Worse yet, in situations where microfiber cloths are used to assist with the
cleaning of contaminants, washed cloths may actually contribute to cross-contamination.
Due to some of these difficulties in properly maintaining microfiber cloths, which are just now starting to
be widely shared in the restoration industry, there is a big move toward single use microfiber cleaning
products. The recognized leader in this industry is Contec with the Primera products that they developed
for infection control purposes in the healthcare industry. These products have migrated over to the
remediation and restoration industries and are especially good for mold remediation, asbestos abatement,
and lead dust cleanup; in addition to their original intended use for infection control. One of the reasons
that many people are substituting wiping with a dry microfiber cloth as the last step of the HEPA
sandwich process (does that make it a HEPA pizza?) is that microfiber cloths have their own
electrical charge which helps break the “static electric cling” holding spores and other small
particulates to sheet plastic
Still, just having microfiber cloths in your "toolbox" does not mean that they will be effective. Everyone
on the crew needs to know how to use them. Training and the proper accessories make all the difference
in regards to how effective microfiber cloths are under real world conditions. Studies from the healthcare
arena have shown that using microfiber cloths on a backing pad dramatically increases their effectiveness
of picking up microscopic contaminants.
The best backing pads have a swivel heads because microfiber cloths should be pushed across the surface
to be cleaned so that the cloth always moves in one direction. A back-and-forth cleaning motion allows
some of the particulate that has been picked up by the cloth to be dislodged. Having the cloth on a swivel
head means the cleaning can be done in an S pattern that always keeps the leading edge of the microfiber
cloth at the front of the cleaning motion. Obviously, there should be a bit of an overlap on each of the
strokes to make sure that none of the surface area is missed during the cleaning.
The last, but perhaps most important, part of the training related to the use of microfiber cloths is to
ensure that the disposable cloths are changed frequently. Even if they do not look very dirty cloths used
for final cleaning should be disposed after wiping small sections of walls or floors. For initial cleaning
after HEPA vacuuming, we instruct workers to clean only 50 to 100 ft.² of the wall, floor, or other

surfaces before changing cloths. For final cleaning after passing the visual inspection we recommend
changing the towel every 200 - 400 ft.²
Cleaning the Air
Regardless of which pieces of equipment and work procedures are used, detailed cleaning of a structure
will result in the addition of airborne particles. Rather than letting those particles settle, the cleaning
process should also take into account cleaning of the air. This is typically done by setting up HEPA
filtered negative air machines in the "air scrubbing" mode so the room air has an opportunity to pass
through the filters multiple times.
When using a negative air machine as an air scrubber it is generally best to control the flow of exhaust air
so that it does not come out under high pressure. This is accomplished very easily by attaching a "tail" to
the exhaust port on the machine made of plastic sheeting in a tube/hose shape. Generally, 15 to 30 feet of
tubing is attached with the exhaust end of the plastic sealed. When the machine is turned on, the hose
will blow up like a balloon and then semi-circle cuts can be easily made in the length of the plastic on
three sides. This arrangement will allow the air to diffuse gently in a variety of directions throughout the
room. Because the small particles that are being cleaned are aerodynamically active, attaching the
diffuser tail is important to keep particle levels from stratifying in the structure; a situation which allows
the heavier particles to be captured and the lighter ones to recirculate.
If the CosaTron unit mentioned previously is not in place, other techniques may be necessary to get small
particles in the air to amalgamate into larger groups so that they can more easily be directed toward the
air scrubber and removed. The most common way to accomplish this is through "air washing". This
process uses an airless sprayer or ultralow volume (ULV) fogger to eject small droplets of a liquid into
the air which helps to bind particles together. Thermal foggers are typically not used in such situations
due to the type of products that are typically used for air washing are not compatible with the heat.
Both simple and commercial products can be used for air washing. Regular water is a common choice
but there is some evidence that small particles that are bound by water tend to separate fairly quickly due
to evaporation. Because of this limiting factor a number of commercial products have come into the
marketplace specifically designed for air washing. Mold Control by Concrobium was one of the first
products designed for a fogging application in the mold remediation industry. As a salt solution, Mold
Control is generally tolerated very well by chemically sensitized occupants, but it typically leaves a
residue on horizontal surfaces that have to be wiped off after the fogging. Particulate Conqueror from
Bad Axe Restoration products is based on a different chemistry that incorporates multiple surfactants to
get the water to break down in small droplets with different electrical charges, thereby forcing small
particles to come together and stay together. Depending on the circumstances, some wiping may be
necessary after the fogging of any product.
Of course, with chemically sensitized individuals the atomization of any chemical into the air of the
structure, including tap water which can include any number of minerals and chemical compounds,
should be considered carefully. Make sure that the benefits (increased particle mass which improves
filter capture efficiency) are worth the risk (adding another substance to the structure with a sensitized
occupant).

Source Removal and Cleaning Are Only One Part of the Puzzle
Addressing the needs of chemically sensitized building occupants takes significant effort. Source
removal involves more than ridding structure of the offending material. Cleaning of both surfaces and the
air are critical aspects of the work. If that does not resolve the issue, the chemical residue may have to be
neutralized in place -- the subject of the next article in this series.
*As noted in the initial part of this series specific products and brand names are mentioned to assist the
reader in making potential purchase decisions. Neither Wonder Makers nor the author have any direct
sales relationship, referral fee arrangement, or other financial connection to any of the organizations to
encourage the mention of their products. Please see the first part of this series for additional details
regarding this disclaimer.
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Cleaning Structures for Chemically Sensitized Individuals
Part 3 - Neutralization
By
Michael A. Pinto, CSP, SMS, CMP, CFO
In the first part of this series, basic information was offered regarding the causes of chemical
sensitization and the impact that such an experience has on a person's life. I also warned readers
that I was willing to "name names" of various products we have identified. It can be helpful in
addressing situations where sensitized individuals are involved. I remind the readers again that
we have no financial ties in the form of sales commissions, referral fees, etc. to any of the items
referenced in this series.
The second installment focused on the importance of cleaning. Since chemical sensitization often
involves minute quantities of materials which are invisible, resting on surfaces, and even the air
inside the structure, scrupulous cleaning is generally the first step toward improving the
environment for the impacted individuals. The general rule of thumb in these circumstances is if
you cannot get the surfaces visibly clean, it is next to impossible to get them scientifically clean.
This is a term that refers to measuring cleaned surfaces and evaluating the effectiveness of the
work by determining how much of a particular residue is left.
What Is Neutralization?
The Oxford dictionary provides four different definitions for the word "neutralize."1 Two of
those four definitions are useful in the discussion of how to properly deal with chemically
sensitized individuals. The primary definition of the word neutralize refers to balancing the pH
of different types of chemicals.
Chemically sensitized individuals may be working or living in buildings which have a residue
that needs be cleaned. We have often dealt with clients whose trigger event that caused the
sensitization was the application of some product in the structure. Insect bombs, fuel oil spills,
spray applied pesticides, carpet cleaning solutions, duct cleaning sprays, applications of
chemicals "guaranteed" to kill mold, and even the overuse of candles and fragrances are some of
the more common chemical situations that have brought clients to Wonder Makers. In such
cases, identifying the pH level of the chemical residue is essential in providing the sensitized
individual with an effective response plan.
Chemical neutralization improves the effectiveness of the cleaning process in two ways: 1) by
applying acids to residue that are alkaline; 2) matching a cleaning product with an alkaline
structure to surfaces that test acidic. Not only does the remaining material become less hazardous
if it is properly neutralized, it also is generally more easily removable from the surface. In
contrast, trying to clean a surface with an acidic chemical contamination by using a cleaner that
is also on the lower half of the pH scale often results in the contamination being driven further
into the surface on a microscopic basis. In contrast, a neutralizing cleaner tends to draw the
contaminant out of the nooks and crannies that are part of any surface when viewed with
magnification.

Assisting the Neutralization Process in Removing Residue
Of course, when cleaning for chemical residues, all surfaces should be visibly clean. This may
mean that a detailed HEPA vacuuming of dry matter or the extraction of all puddled liquids is
undertaken. At that point, the application method used for applying cleaners when chemical
residues are present can be just as important as selecting the cleaning agent that will have a pH
neutralizing effect. Spray and wipe cleaning processes are not as effective in such situations as
foam and wipe or foam and squeegee techniques.
One of the more interesting and useful technology transferal to the restoration industry over the
past 5 years has been the growing acceptance of foam applicators in place of sprayers. It is
getting to the point where it is almost as common to see specialized restoration contractors using
pump-up foamers as it is to see them using the trusty, traditional, garden sprayer. Our favorite
foam application units in regards to price and quality come from FOAM-iT. They have a wide
variety of units that are as small as a 1 quart hand spray bottle (although in this case it really is a
“foam bottle”) to a 30 gallon portable unit that can apply a thick swath of foam 20 feet up a wall.
The 2 gallon foamer that looks like a garden sprayer is probably the most common in the
industry today.
Another Definition for the Term Neutralize
In certain situations, the term neutralize can mean to kill or destroy. This aspect of the term also
comes into play with chemically sensitized individuals. In some cases, chemical sensitization can
be caused by byproducts from biological organisms such as: enzymes from bacteria or
mycotoxins from mold. In such cases, the neutralization may include the destruction of the
microorganisms on the surface as well as the chemical balancing of the offending substance.
In these cases, neutralization cleaning takes on a whole new meaning as it moves into the realm
of disinfection. Although this may sound scary, there are many choices of cleaners and
applicators for this type of neutralization. Two of the most common approaches to
neutralization/disinfection are the proper application of an alcohol or hydrogen peroxide-based
product.
Using alcohol as a neutralizing agent does not get as much attention in the United States as it
does in other parts of the world. Some mold remediation professionals recommend a high proof
grain alcohol (such as Everclear) mixed with water as a cleaning agent for the final step in a
mold remediation process. Some individuals even recommend spraying such mixes, although the
safety concerns regarding the flammability of such solutions are significant. That is why Biomist
utilizes a system where highly concentrated alcohol can be sprayed safely because it is atomized
and propelled with carbon dioxide rather than compressed air. Using the system for chemicallysensitized individuals rather than the traditional infection control projects have benefits because
the alcohol vaporizes quickly and completely which allows the sensitized occupant back into the
space after only a short period of time.
Understanding VHP
Hydrogen Peroxide is another product that vaporizes quickly into non-hazardous byproducts and
is well tolerated by chemically sensitized individuals. Currently, there are lots of choices for
systems that apply a hydrogen peroxide solution in mist or fog fashion. This technology, often

referred to as vaporized hydrogen peroxide or VHP, has been migrating to the restoration field
from the healthcare arena over the past decade. The two most well recognized systems in the
restoration field are: 1) Steramist by TOMI Environmental Solutions; 2) Halo disinfection
system by Halosil International.
Although both systems use hydrogen peroxide as a starting point, there are some real differences
between the Steramist and Halo systems. Steramist ionizes the material being sprayed which
improves the coverage as the ionized droplets "wraparound" various surfaces. Halo utilizes a
process described as a dry mist for their application. Obviously, there are a lot more details
related to Biomist, Steramist, Halo, and other neutralization/disinfection systems available on the
market. Any professional investigating these techniques to help them deal with chemically
sensitized individuals (or mold-sensitized people) should use due diligence before they purchase;
especially since these type of systems are fairly expensive.
Does Neutralization Work?
The quick and positive answer to the big question of whether any of these neutralization
approaches work is the classic consultant response: "Yes, but...." Such procedures can be very
effective when used as an adjunct to detailed cleaning rather than as a substitute. Many studies
have concluded that neutralization does occur with the proper processes and products are
matched against the problematic chemical or biological residue. However, the importance of the
initial cleaning, as discussed in part two of this series, cannot be overstated.
Dealing with chemically sensitized clients can be a challenge for both a consultant and
restoration contractor. Fortunately, the knowledge, products, and equipment are available so that
real assistance can be offered to such suffering individuals.
Endnote
1. The four definitions from the Oxford dictionary are similar to those found in other
dictionaries, although different ones have some other more obtuse definitions for the word
neutralize. The Oxford definitions include:
a. Make (something) ineffective by applying an opposite force or effect.
b. Make (an acidic or alkaline substance) chemically neutral.
c. Disarm (a bomb or similar weapon)
d. Used euphemistically to refer to killing or destruction (in military or espionage contexts).
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Cleaning Structures f1or Chemically Sensitized Individuals
Part 4 – Off Gassing
By
Michael A. Pinto, CSP, SMS, CMP, CFO
The first three parts of this series covered an overview of chemical sensitivities, the critical
importance of source removal and detailed cleaning, and products and processes that can be
used for neutralization of chemical or biological residues that remain following cleaning.
This section deals with the concept of off-gassing. It provides a basic summary of the offgassing process as well as some specific suggestions for addressing residual chemicals. All of
the same caveats about the approach to writing this series of articles that were laid out in part
one still apply. In particular, the mention of particular products and processes are not related
to any monetary gain on the part of the author but only as practical information and
suggestions for consideration for the readers.
Understanding Chemical Off-Gassing
When discussing the concept of off-gassing, the term Volatile Organic Compounds (VOCs)
quickly comes into play. VOCs are a large group of chemicals that have a high vapor
pressure. This means that the chemicals have a tendency to evaporate from liquids or
sublimate from solids (i.e., move directly from a solid phase to the vapor phase without
becoming a liquid first) at room temperature. This volatility allows the chemicals to mix with
the surrounding air. The organic portion of the definition means that the chemicals have a
carbon component to them; and more specifically at least one carbon-hydrogen bond.
All of the scientific jargon can be a bit confusing, but three relatively straightforward
concepts need to be understood if off-gassing is going to be dealt with properly by a
restoration or remediation contractor. The first important concept is that VOCs typically have
a scent or odor to them. Whether it is considered pleasing or obnoxious, the things we
perceive through our nose are typically volatile organic compounds.
In general, VOCs are rather large molecules. Since most of them have a number of
connections between various elements like carbon, hydrogen, chlorine, oxygen, nitrogen and
other "chemical building blocks"; volatile organic compounds can also be chemically
reactive. In a practical sense, this means that such chemicals can be broken down into smaller
pieces -- the subject of the last portion of this series which deals with oxidation of chemical
residues to assist sensitized individuals.
A third concept which is crucial to understanding how to approach VOCs in buildings is that
many volatile organic compounds have been proven to be harmful. The catch is that the
danger from VOCs in most residential or commercial situations is difficult to properly gauge
because the concentrations are much lower than the occupational exposure limits which
people often cite when discussing contact with such chemicals. With VOC concentrations
significantly lower than what is found in workplace situations, it is no surprise to learn that in
such cases:
 symptoms experienced by occupants are often slow to develop;
1




when symptoms do develop they can be much more subtle than the health effects
produced by heavy, short term, exposures; and
research, and guidance documents/standards, are tough to develop.

The Problem with Off-Gassing of VOCs
The Environmental Protection Agency (EPA) has numerous documents that help consumers
understand the problems related to volatile organic compounds. They had to substantially
ramp up their information efforts in 2005 following Hurricane Katrina after FEMA provided
temporary housing in trailers that were found to have elevated levels of formaldehyde
exposure.
Several of the EPA documents provide information related to health effects experienced by
individuals who are exposed to VOCs. The following quote, with my layman's explanation in
parentheses to help clarify some of the medical jargon, reads as follows:
Key signs or symptoms associated with exposure to VOCs include conjunctival irritation
(eye irritation), nose and throat discomfort, headache, allergic skin reaction, dyspnea
(difficult or labored breathing), declines in serum cholinesterase levels (a blood and brain
marker used to evaluate a number of organ and brain diseases), nausea, emesis
(vomiting), epistaxis (bleeding from the nose), fatigue, dizziness.
Obviously, restoration contractors must be conscious that off-gassing volatile organic
compounds can have some significant to health effects and make sure that any steps they take
to correct the problem is not inadvertently making it worse.
Sources of VOCs
Since volatile organic compounds dissipate in normal, habitable, temperatures they are
extremely valuable in a variety of products. VOCs are components of many personal care
products and even food. However, the greatest impact from VOCs inside structures typically
comes from the actual building products and contents. As construction practices change,
more and more building products are utilized which contain volatile organic compounds
which are subject to later off-gassing. Some of the more common VOCs containing
construction materials include: adhesives, insulation, mastics, rubber/plastic, composites,
paints, finishes, OSB, particle board, engineered lumber, and decking.
From a content standpoint carpeting, padding, upholstered furniture, plastic laminates in
cupboards and countertops, particle board components of furniture, and window treatments
can all be substantial sources of volatile organic compounds that diffuse into the air of a
building.
The Problem with Sealers
A technique for dealing with VOCs from building products which is often discussed is the
use of "safe sealers". The idea is that if the particle board, OSB, engineered lumber, foam
insulation, or other VOCs-containing building component is top coated, the VOCs will not be
able to escape into the air. Of course, for the process is to be successful it is incumbent that
the material used as the sealer does not contribute a significant amount of VOCs into the air.

While this theory may seem reasonable, the practical impact is that it typically just slows the
rate of diffusion of the VOCs rather than stops it. And consequently, the level of volatile
organics may actually stay elevated for a longer period of time than if the sealers were not
applied. The practicality of the situation is that it is extremely difficult to seal every edge of
every surface that is off-gassing. For example, sealing the bottom of the subfloor and rafters
in the basement may slow down the diffusion into that area of the house but such steps often
force the off-gassing to move up through the top of the subfloor and diffuse through the
padding and carpet into the living space.
Accelerate Off-Gassing With Heat
As emphasized in part two of this series, source removal is the key to dealing with chemical
contamination for sensitized individuals. If the source of VOCs is contents or furnishings,
source removal is pretty straightforward. The difficulty with building products that offgassing is that removal, in the strict sense, would mean substantial dismantling of the
structure. Nevertheless, the impracticality of such an approach does not mean that the
concept of source removal should be completely abandoned. In situations where building
components are significant contributors to VOCs in the air, the concept of source removal
just needs to be modified. Rather than removing the actual materials, several steps can be
taken to remove the volatile organic compounds from the materials.
One method that has been shown to be effective is a process which has been dubbed
"Building Bake-Out”. Although there are a number of details which need to be incorporated
to help the process result in a successful outcome, the primary steps to building bake-out are
to heat the structure and then ventilate or flush it with outside air. Not surprisingly, one key
aspect of an effective building bake-out is that the structure needs to be clean first. (Anyone
interested in additional details related to the process of building bake out can access an entire
article which explains the process at:
https://www.wondermakers.com/Education/Articles/Miscellaneous-Articles)
What About Air Purifiers?
Another approach to source removal for VOCs, whether heating the structure or not, is the
process of capturing the chemical residue as it off-gasses. A number of different air purifiers
and filters are often employed for this task, but with VOCs all air purifiers are definitely not
the same. Sadly, we deal with reports on a regular basis where people are sold an air
purifying machine which relies on HEPA filtration for contaminant removal. While such
machines can be very effective at removing particulates from the air, such a filtration does
little to eliminate VOCs (technically, a small amount of the organic materials in the vapor
phase that attaches to some of the airborne dust particles might captured in the filter, but the
practical impact would be negligible).
Because of the limitations of the HEPA filter in dealing with chemical contaminants in the
vapor state many air purifying units and secondary filters made of carbon charcoal. These
types of filters have been the standard for absorption of chemical residues from the air for
nearly 70 years. Depending on the particular contaminants of concern the carbon charcoal
can be supplemented with other absorbent materials such as potassium permanganate or
alumina.

Over the last half decade standard mineral-style sorbent filters have been challenged in the
marketplace by the introduction of filters developed around nanotechnology. This is an
exciting advancement and companies such as Timilon have been at the forefront of offering
filters that match with standard negative air machines which do an amazing job of collecting
airborne VOCs which cause odors and exposure problems. One of benefits of the
nanotechnology filters is that they trap and hold the molecules of the VOCs more
aggressively than the carbon charcoal. As such, the filters load up and need to be replaced but
they do not have the same tendency to desorb the trapped chemicals back into the air when
they reach a saturation point like the charcoal filters.
A completely different approach to air purifiers to help deal with chemical off-gassing are the
incineration style air purifiers such as “Airfree.” Rather than relying on filtration, such room
air purifiers pull the air through a heater core which destroys microbiological contaminants
as well as much of the standard house dust that is in the air. Interestingly, the internal
temperature of approximately 400°F connection have a positive impact on VOCs as well. In
this case, the unit is not trapping and removing the chemicals with a replaceable filter but
thermally changing the chemical composition from large complex molecules to smaller
constituents. Additional information on other processes that can have the same effect will be
provided in the final article in this series.
Dealing with Chemicals in the Vapor State
Restoration professionals interested in assisting individuals who have chemical sensitivities
need to have a basic understanding that some of the contaminants that need to be removed
are in a physical form, such as small particulates, and some are in a vapor form like VOCs.
Remembering those two basic states of matter when planning specific restoration efforts will
go a long way in setting up projects that will actually assist the occupants with their exposure
difficulties.
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Cleaning Structures for Chemically Sensitized Individuals
Part 5 – Oxidation of Chemicals
By
Michael A. Pinto, CSP, SMS, CMP, CFO
This is the last of a five part series providing insights and suggestions for restoration contractors
who are faced with situations involving chemically sensitized occupants. The focus has been on
individuals whose sensitivities are related to chemical exposures. However, much of the
information in this series is also appropriate for individuals whose health concerns come from
exposure to biological contaminants and their chemical byproducts such as endotoxins and
mycotoxins. Since the information in the entire series is synergistic, readers are encouraged to
review the first four parts which covers a basic understanding of sensitization, removal of source
materials and detailed cleaning, neutralization of chemical contaminants in the structure, and
procedures for dealing with off-gassing.
Throughout this series, detailed suggestions regarding certain work procedures, products, and
equipment have been offered. Those suggestions are not based on any monetary consideration
but come as a result of nearly 40 years of experience in the safety, health, and restoration
industries. The information provided throughout the series is believed to be accurate at the time it
was developed, but it should be viewed as general information which may need to be adjusted to
fit individual circumstances.
Oxidation of Chemicals
In many ways, the concept of oxidation is similar to some of the principles introduced in the last
three parts of this series. Technically, some procedures discussed for neutralization and outgassing control involve oxidation. For example, hydrogen peroxide and potassium
permanganate, two of the substances detailed in those previous articles, are both strong oxidizers.
This interrelatedness of cleaning processes means that starting with a proper understanding of
key terms is essential. Very simply, oxidation refers to a process where a substance combines
with oxygen. Since unbound or loosely bound oxygen atoms are unstable, they naturally
combine, or react, with other chemicals to form more stable compounds. As part of this
‘chemical reaction,’ the addition of an oxygen atom may cause more complex molecules to break
into two or more pieces. Because of the way the process works, any chemical that readily gives
up an oxygen atom when it comes in contact with other substances is called an oxidizer.
A special form of oxidizer is created when a single oxygen atom briefly pairs with a single
hydrogen atom. This unstable hydrogen/oxygen combination is also known as a hydroxyl radical.
It is very effective as an oxidizer because both the oxygen atom and the hydrogen atom easily
recombine with other materials. Because of the extreme reactivity of this pairing, hydroxyl
radicals usually only exist in nature for a fraction of a second before they come in contact with
something else and initiate a chemical reaction.
When considering oxidizers for cleaning structures that will be occupied by chemically
sensitized individuals, it is critical to understand that oxidizers break down rather than remove
contaminants in the environment. This breakdown process can ultimately result in simple and

safe substances like water, carbon dioxide, and oxygen. However, during the process where
oxidizers react with residual volatile organic compounds (VOCs) and other residue, they
typically produce intermediary chemicals compounds. Oftentimes, these intermediary
compounds can be as odiferous and irritating as the original airborne contaminants. For example,
one of the common breakdown stages that formaldehyde goes through when it comes in contact
with an oxidizer is the creation of formic acid. At that point, further reactions with more
oxidizers will typically break the formic acid into carbon dioxide and water.
Creating and Using Oxidizers
Although the chemistry of oxidizers can seem confusing to some restoration professionals, the
key takeaway from the brief science lesson is that the oxidation of chemical contaminants in
structures can cause the production of other chemical compounds that were not there in the first
place. Because of this, oxidizers are best used to eliminate residual compounds that cannot be
taken care of by source removal, detailed cleaning, ventilation, or neutralization/capture.
For commercial purposes most oxidizing processes are some form of photocatalytic oxidation
(PCO). That fancy sounding term means that the unstable oxygen atom is created when light rays
of various frequencies interact with certain chemicals. Depending on how the photocatalytic
oxidation process is employed, it can be defined as either an active or passive system. While
many individuals in the restoration industry are familiar with active PCO systems in the form of
ozone generators and hydroxyl radical generators, the passive systems are the hot trend right now
for addressing low levels of chemical contaminants in buildings.
A passive system of photocatalytic oxidation that is growing in popularity is the use of lightsensitive paints. Most of these incorporate some form of titanium dioxide into the paint. The wall
surfaces are painted, the shades are opened, and the UV rays present in natural sunlight react
with titanium dioxide on the surface of the paint to create a continuous stream of hydroxyl
radicals. In some situations where chemical contamination in a particular area has been
addressed by source removal and cleaning, surfaces can be painted and a UV light installed. This
will in turn shine at the painted surfaces 24/7 in order to get the oxidizing impact of the hydroxyl
radicals. Such passive systems with a mechanical assist are often most useful in attics, crawl
spaces, or unfinished basements where turning on the UV light does not pose risk to the
occupants.
Another passive approach for addressing chemicals is not really photocatalytic but is based on
absorption and chemical neutralization. This innovative process involves finishing various
surfaces in the building with either special gypsum board or light-sensitive paints. Special
gypsum board, such as Air Renew by Certaineed, is actually manufactured with specific
materials mixed with the gypsum core. This allows the center part of the drywall to actually trap
volatile organic compounds and break them down. Because of the publicity surrounding
formaldehyde exposure from flooring materials improperly imported from China, much of the
testing related to VOC reduction for the drywall has focused on formaldehyde. The
manufacturer’s tests indicate that the drywall can continue trapping and break down VOCs for up
to 75 years after installation. The catch is that water-based acrylic, breathable paints, or
breathable wallpaper should be used for the finish so that migration of air and chemicals into the
drywall from the interior of the structure is not blocked.

Active Systems for Oxidation
As compared to passive systems, active PCO systems utilize electrical equipment to form the
oxidizing agents. For the restoration industry, the two most familiar systems are ozone
generators and hydroxyl radical generators. Building on the previously explained science, ozone
generators convert normally stable oxygen (two oxygen atoms bound tightly together) into ozone
(three oxygen atoms, but the extra bond to the original pair of atoms is weak). This loosely held
oxygen atom readily reacts with other substances in the air and on surfaces. In contrast, hydroxyl
radical generators create oxygen/hydrogen compounds where both atoms are loosely bound and
can cause reactions.
Ozone generators are typically constructed with a series of metal plates and small separations
between them that are energized. The air is pushed through the gaps between the plates where the
electrical discharge from the metal breaks down some of the oxygen and/or water vapor in the air
which allows the free oxygen atoms to recombine into ozone. In contrast, most hydroxyl radical
generators utilize some form of ultraviolet light to force the breakdown of water vapor which
results in the hydroxyl radicals. Some hydroxyl radical generators utilize a catalyst such as
titanium dioxide, the same product put in the passive PCO paints.
The safety of both ozone generators and hydroxyl radical generators is still being discussed.
Years ago, ozone generators were advertised as being safe for use in occupied environments.
Later research showed that there were a number of detrimental effects from being exposed to
ozone. This eventually led to regulations which limit the amount of ozone that can be produced
in an unoccupied location by devices sold as air purifiers. Currently, the manufacturers of
commercial hydroxyl radical generators advertise them as safe for use in occupied environments.
Given that hydroxyl radicals temporarily create intermediary byproducts as they work, serious
consideration should be given to restricting them to unoccupied areas when there are heavy odors
until the strong odors are dissipated.
Perhaps the newest variation of active PCO systems is a lightbulb with an LED source
surrounded by glass shell with a thin titanium dioxide coating. As the lights are operated they
actually produce hydroxyl radicals which the lightbulb manufacturer claims kills microbes and
reduces VOCs. This Biovitae bulb has received an extensive marketing push in Europe. The
studies are mixed as to whether they produce enough hydroxyl radicals to actually do anything,
but that has not stopped the technology from making its way "across the pond" to North
America.
Of course, another approach to active PCO systems is to utilize a combination of technologies.
The Purayr product is just such a combination unit which incorporates ozone, hydroxyl radicals,
UV lights, and HEPA filtration into a single piece of equipment.
A Final Thought
In many respects it is easy to get captivated by technology. Everyone is always looking for the
"magic" chemical, equipment, or technology that is going to easily resolve the problem. It is no
different for individuals who are trying to provide service to the chemically sensitized
population. Nevertheless, there is a reason that such solutions are derided as magic; they have
little basis in fact and generally do not work.

As boring as it sounds, the primary steps in improving structures for safe occupancy by
chemically sensitized individuals are source removal and detailed cleaning. While understanding
the basics of multiple technologies is extremely useful, care should be given that technological
solutions are not substituted for proper cleaning. Such technologies should only be used
appropriately to assist with residual problems after source removal and cleaning have been
completed. Choosing wisely from the multitude of available technologies will help professional
restoration contractors and their clients address chemical contamination issues. Hopefully, this
series of articles provides a basis of information to make those wiser choices.
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