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Section #1

Self -Cleaning Technology

The Science Behind the Medicine

Molecular Structure

Everclean use two methods for seléaning the hydroxide screen and the coil in order to
keep up with the heavy airborne particle count now found in homesph@pcatalytic or
photochemicaland (b)chemical to chemical process called hydroxide oxadati Letdbs re
how these processes work.

All gases, liquids, and solids are made up of elements. The fundamental building blocks of
elements are atoms, which in turn are made of electrons, neutrons and protons...all held together by
electronic attractin. This is referred to as polarity, the principle that positive and negative poles
attract and remain bound together based upon the strength of that attraction.

There are over 100 elements known in our universe. It is the elements that form
compounds. EIments combine to form gases, liquids or solids. For example, water is made of two
molecules of hydrogen and one molecule of oxygen. Carbon dioxide is one molecule of carbon
and two molecules of oxygen. These and all other combinations of elementsiagedgpether by
the force of attraction or polarity at the level of the atoms.

Organic compounds

The compounds of our focus are those structures that are organic in nature. Primarily it is
the organic molecules that are the basis of indoor contaminaiéa need to understand these
compounds so we know how to clean and purify the home.

Organic compounds are carbon based. Carbon based DNA and amino acid chains
determine | ife. Carbon is not only fouwhd in
useful organic compounds are made up of carbon, nitrogen, hydrogen, oxygen and traces of other
elements.

The most recognizabl®erganic compound is based upon the carbon and hydrogen
combination or hydrocarbons. Plastics, petroleum products and gasanhydrocarbons.

Organic compounds tend to break down or decay faster thaorganic. Thedecaying
process means hydrogen and carbon molecules sepaFateexample, if the plastic (organic) in
milk bottle is left in the sun for a couple of yeamsuch of it will decay. Skin, hair, tissue (all
organic) decays rather rapidly.

The toxic VOC gases in our homes suclicamaldehydesindbenzenesre hydrocarbons.
Airborne indoor duspatrticles, like dander, hair, dust mite feces, etc. are based anganic
compounds generally associated with libel group. And, of course, bacteria, molds and viruses
are based upon carbon.

Here is the thread that runs through all indoor contamintitese things that pollute our
homes are almost entirely basedpon organic or carbon (carbon and hydrogen) based
compounds. With that understanding, we now focus on the forces that will break down organic
and carborbased contaminat@molecules. In short, a photochemical process, initiated by-short
wave ultraviolé can do this.




Short -Wave Ultraviolet

We al |l accept but donodt umydaad gannamnag radiaboa. d a m
Why i1isndét visible Iight as d-mgandshatiwave @V have h u m
been shown to be?

X-ray, gamma ultraviolet, infrared and visibléght energy all fit in a category called
el ectr omagnetThcedy eanlelr gyave t he same character
Figure #1, that travel at the speed of light. The light ray energy is gditgdnsthat oscillate,
resulting in wavdrequency

The difference in each type of wave energy is waelength, the distance across this
wave By definition, the shorter the distance across the vtheemnore powerful the wave will be
Thedifferencen the wavelength determines how the wave affects its surroundings

It is this wavelength difference that allows sheeve xray to pass through walls, while
longerwave visible light cannot pass though the same material;-slaoe ultraviolet and xay
can destroy DNA in living microorganisms and breakdown organic material while visible light will
not.

Nanometers: Measuring Light Energy
All light energy is measured onfan a n o m(an) scal®as
outlined in Table #2.Nanometer means oiéllionth of a Figure #1

meter. The lower end of the scale has the sho

wavelength, and the upper the longest. Cosmic, gamm:
. Wavelength, in nm

rays and ACO0 band Uwaveaeneeyy.

Visible light is at middle ground, &00-700nm on the scale

Infrared light is in the upper end of the spectrum, runr

from about 800 to 18D nm, and radio waves are longer \

in the 1400 to 2200 nm range.
Figure #2 Spectrograph: Charting Light Energy in Nanometers
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What is Ultraviolet Light?



Ultraviolet light is toward the low end of thisale, from aboul00 to 400 nmwith three
categories, A WV i® beyomldhe sangd of fisible dight and cannot be sép.
only see evidence of its presence.
Shotwave UV, c a(100é 280 rimjistknotvraas dVC. Most C band raticm
is screened from the sun before reaching the earth by the production of ozone in the upper
at mosphere. Usef ul UVC i s e mtessur8/C lampsia n ma d e,
The most effective sterilizing range for UV is within the C bandwidths Tange is called
the germicidal bandwidth. The ideal germicidal
curve is considered 240 nm to 280 nm, with the M Rather than trying to target a
effective at 265 nm (Figure #3, next page). specific contaminate, multiple UV
With the initial exposure, UVC has propertig wavelengths should be used as a
that alter the cells of living tissue, parilarly ﬂﬁﬁﬁileappmag:te;g‘ﬁtes will ké)'][
mlcrpbes.UVC radiation trlgggrs thg formgtlor! Ol microorganisms, taking out the
peptide bonds between certain amino acids in | target germ that is creating the
mi crobeods D N Ahis mamders dacterea] problem.
viruses and molds harmless by robbing them of
ability to reproducelf the germ cells are expasdor longer periods, they start breaking down to
the molecular levelcarbon, oxygen, hydrogen, nitrogen ions, etc.).

UVC Germicidal Effectiveness Figure #3

Wave Length  Relative Germicidal

Innm Effectiveness It has been determined that the
240 0.62 optim_al wavel_ength for germicidal
245 0.72 effectiveness is 265 nm
250 0.90
255 1.03
260 1.12 UVB (280-320 nm) and UVA (3201 400

nm) are not effective germicidal
m bandwidths, but are very useful in

photo-catalytic process for reducing

7 108 toxins (VOCés) and
275 0.98
280 0.87
285 0.73
290 0.60

Targeting Microorganisms

Germicidal effectiveness is based upon UV intensity. Intensity is measured in misrowatt
per square centimeter (pw/cm?2). When determining the energy required to destroy a
microorganism, a third element is necesséirge It is microwattseconder square centimeter
(Ow x sec/cm|]), with fAseconds 0 tthahintenditye requiced mu | a
to destroy a given microbe. Figure #4 is based upon an energy outputseicfom? aR53.7 nm
to destroy 90 percent of the organisms at 1 meter.

Germicidal effectiveness of UVC is directly related to the dose applied, andshgalis
the integral product ofime and intensi, called dwell time. In other wordgjgh intensity UV




exposed to a microbe for a short period of time is just as effective as low intensity UV exposed for
a long period of time.

The amount of time than organism spends in or near UVC is referred to as dwell. time
Even a microbe that is 8 feet away from a UV lamp can be killed if there is plenty of dwell time.
The inverse is true- UVC can is very effective in a much shorter period of time if tlgaism is
very close to the lamp.

An Everclean system uses two process to keep up with high levels of airborne contaminates circulatil
or growing within a heating and cooling forced air systems. Théwo processes aregfa) broadband
UVA, UVB and UVC photo-catalytic process; and (bxchemical to chemical hydroxide oxidation

GERMICIDAL ENERGY REQUIRED TO DESTROY SOME MICROORGANISMS

Energy: Energy:
Microorganism uW-sec/cm’ Microorganism uW-sec/cm’
BACTERIA YEAST
Bacillus anthracis 4,520 Saccharomyces cerevisiae | 6,000
Bacillus megaterium 1,300 Saccharomyces ellipsoides | 6,000
Bacillus megaterium spores 2,700 Brewer's yeast 3,300
Bacillus subtilis 7,100 Baker's yeast 3,900
Bacillus subtilis spores 12,000 MOLD SPORES
Corynebacterium 3,370 Aspergillus flavus 60,000
diphtheriae 3,000 Aspergillus glaucus 44,000
Escherichia coli 19,700 Aspergillus niger 132,000
Micrococcus lutea 10,000 Mucor racemosus 17,000
Micrococcus shperoides 4,400 Oospora lactis 6,000
Neisseria Catarrhalis 2,600 Penicillium digitatum 44,000
Proteus vulgaris 3,500 Penicillium expansum 13,000
Pseudomonas aeruginosa 8,000 Penicillium roqueforti 13,000
Pseudomonas fluorescens 4,000 Rhizopus nigricans 111,000
Salmonella enteritidis 8,000
Salmonella typhimurium 2,420
Serratia marcescens 1,680
Shigells paradysenteriae 4,400
Spirllum rubrum 1,840
Staphylococcus albus 2,600
Staphylococcus aureus 2,160
Figure #4

There are a number of reactions going on when UV irradiates germs and organic
compounds. As seen in the nanometer chart, UVC & tlee xray group and has similar
characteristics, i.e., both have very short wavelength energy. This short wave energy stimulates
other secondary processes when UV irradiates organic material.

A photon is light ray energy. The science of UV is esskntithe science of
photochemistry or photorchemistry.Photochemisiy is defined as ahemical reaction or change



in a material induced by the radiation of light energpunburn is a photochemical process that
alters the chemistry of the skin, causingreakdown.

The photochemical process is essentially a photoionization process elbetrens of a
molecule are ejected or changed by the irradiation of light energy, leaving an incomplete molecule

(ion). With an absence of an electron, a compoundbecem unst abl e and dAfalls
e

. )

Electron Ejection

Electrons in Orbit

Electromagnetic Energy

Thefirst rule of this photo energy process is that each type of compound deassiivity
levelto photon energy; there is a given wavelength of light energy at which each type of material
will react. It is at tis given wavelength that electrons are stripped (or altered) from the target
molecule, breaking bonds and causing a chemical alteration.

The second rulein this degradation process is the higher the frequency of a wave,
shorter the wavelength, timore energy a waueas in breaking chemical bonds of a material.

All organic material is photodegradable, at some point within the 100 to 320 nm
bandwidths. And within this range, each compound has a characteristic sensitivity where peak
chemical altergon will occur.

Ultraviolet and Ozone

UV at the 1007 280 nm bandwidth not only breaks down electron bonding (primary
process) of an organic molecule, but also instigates an oxidation process (secondary process).

The first example is ozone. The stablygen (Q) molecule readily absorbs ultraviolet
light at 184 nanometers (nm). This absorption of ultraviolet light in the atmosphere breaks the
molecular bond between a tvaxygen molecule (8, resulting in an @ free radical (atomic
oxygen). A single @mm (O) of oxygen will immediately search for a stable molecular
combination, often @ This new combination forms ozonegfQwhich is highly corrosive.

In 1972, it was discovered that Ultraviolet (U\puld clean surfaces of organic
contamination. Thedieal nanometer location of absorption of ozone and organic molecules were
identified. Ultraviolet light has a range of 100 nm to 400 nm. Thus, UV light contains the optimal
spectral absorption line (184.9 nm) for, @nd can be a highly effective method fozone
production.

Exposure Types vs. Cleaning Times

Exposure type Cleaning Time
Black Light, UVB (>300nm) No cleaning UVC ‘
Ozone (03) Produced by ozone generator), no UVC 10 hours surfaczzn C|§ZF\
253.7 nm, UVC only, no ozone (O3) 1 hour of organic
243.7 nm UVC, plus ozone (03) from generator 90 seconds contaminates
253.7 nm UVC, plus 184.9 nm (to produce & 20 seconds Indefinitely
destroy ozone from same lamp)




It was also learned that the combination of ozone and UV could clean surfaces up to 2,000
times quicker than ozone alorad UVC alone is 10 times more effective than gzamshowrin
the above table

However, it fas also been determined tloabne is very corrosive on metal parts and can
be damaging to HVAC systems when combined with. UM@is any UV, which produces ozone
(184 nm), may prove destructive to aluminum coil fins and copper tubing.

Thus, there are seval reasons for not using ozone in a central airflow system: (a) ozone is
not only corrosive to the metals in the airflow system, but (b) ozone is also very corrosive to the
lung tissue as we breatheThe EPA and American lung association are now sgfiyoagainst the
use of ozone indoors.

To prevent the production of ozone by UV in a HVAC system, all UV rays below 200 nm
are blocked in the Everclean broadband, UV lamps. This is done witdnamdioxide material
coating the UV lamp quartz glass

Ultraviolet Producing Hydro -peroxide and Hydroxyl Radical:
Chemical to chemical cleaning

The organic materials that concern us have a strong absorption band between 200 nm and
320 nm. Thus UVC at 254 nm (without ozone formation) can clean organic coatasfrom a
surface material. The reason is that most organic molecules are vulnerable to this short wave UV
irradiation. This is because the continued existence of such molecules is dependent on molecular
weights; and that weight is altered whshortwave UV irradiation reduces the number of
electrons orbiting an organic molecule, causing decay of the material

Beyond ozone, what is not well understood is that there are two other naturally occurring
processes that accelerate the break down of orgaaterials on the A/C coil. These two
processes are highly effective oxidizing agents on organic materials, but have little effect on the
metals in the coil.

Indoor airborne organic particles are primarily byproducts of human, animal, insect and
microbial output from the indoor environment (dead skin, hair, paint flakes, insect feces, carpet
fibers, etc.). These particles collect on coil fins in two wayas) mold growth in the damp coill
environment produces a sticky enzyme material for collection obraeborganic material for
food (this forms an activated crusty surface on the fins); and (2) the close fitting coil fins collect
airborne organic particles much like a filter.

The patrticle collection and growth on both the central air filter and A/Cresillts in
decreasing airflow (air restriction) and increased energy costs.

Hydro-peroxide developmentThis first oxidizing process (within 200 320 nm) is the
result of electron ejection by UV irradiation of organic materials, giving rise to fraeatad
(hydrogen ion) development. The radicals react with ordinary atmospheric oxygen (O2), forming
hydro-peroxide (H20?) ions. The hydwroxide process activates a chain reaction with the organic
material from the continual UV destruction of the hydropéte, triggering further oxidation.

This oxidation process primarily operates on organic compounds and not metals.
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Organic Material Atmospheric
On Coil Oxygen, O
8 /
Short Wave UV 505 Produces Oxygen,
Light Energy » Hydroperoxide (H O) » Water and Hydroxyl

Radicals (HO)

Hydroxyl Radicals Another key development at an operational coil is the generation of
water through condensation on thesfinStudies by Mattex (1974howed that the presence of
water with UV light energy enhances the decaying process of organic molecules. It is the result of
hydroxyl secondary oxidation, and it too is primarily targeted toward organic molecules.

The presece of water droplets being exposed to UV (200 to 320 nm) in the coil area
breaks down water molecules (H20), resulting in the formation of hydroxyl (HO) radicals. These
radical ions are stable but a very potent-eleetron oxidant. The reasdrydroxyl ions are so
destructive to organic molecules is the ions steal hydrogen molecules from the organic materials,
leaving decayed carbon ions.

The theft of hydrogen from organic molecules by hydroxyl radicals forms even stronger
OH bonds, with even higher oxitilen, as the result of the water at the coil. The process turns into
a chain trheadtriemkedown and formation of new HO
the organic material. This is the chemicalo-chemical reaction Everclean is after.

Organic Molecules

/} \ HYDRATION OXIDATION

Short Wave Hydroperoxide —s | Hydroxyl
UV Light Energy ™ ~ =~ — o (H,0,) —— (HO) Steals Hydrogen Molecules
\ f,_-f' From Organic Compounds
Water —
(H,0)
. Relative Oxidation
xidan 2
Oxiant Power to Chlorine CL,
Fluorine 2.23
Hydroxyl Radical 2.06
Ozone 1.78
Hydrogen Peroxide 1.31
Potassium Permanganate 1.24
Chlorine Dioxide 1.15
Chlorine 0




Reaction of Organic Materials Exposed to UVC

The cleaning mechanism of UV is a photochemical process. Since the ideal range is 200 to
320 nm for organic degradation, ozone production, at 184 nm, is not needed nor should be used
due b the destructive nature of ozone on met&lgerclean lamps block all UV irradiation below
200 nm to prevent the creation of ozone using titanium dioxide co&@nghe other hand,
hydroxyl radicals tend to target organic materials for oxidation and metals.These radicals
absorb hydrogen out of organic compoufids o us e du st , Bevalsge 6f shis, hydexylms ) .
is ideal for cleaning organic growth at the A/C coil without the corrosive effects of ozone on the
aluminum and copper coil.

A damp cdiis perhaps the best environment to experience the full effects of UV/Hydroxide
oxidation It is in this ideal area that UV photon breaks down the collected organic material,
setting off a chain reaction of hydroxyl and hydroperoxide formation, whidheurdestroys
organic materials.

=N i

Typical Dirty Evaporative Coil Same Coil After Everclean
Product Installation 10 weeks

This means that UV light in C bandwidth effectively cleans the coil of organic particle
collection and destroys any growth of germs and mold accumulating at the coil. Once the coll is
cleansediiéa cl ean surface under UV radiation maint

Further, UV irradiation within the system degrades airborne microorganisms and other
organic contaminates (particles and toxic VOC gases) circulating within the air stretim of
home, with the same photochemical reactioRor best results, the Everclean lamps should be
placed upstream from the coil, within tha & inches of the coil facewi t hi n t he AAO
lamps should be mounted and passing through thedaltéholding the two legs togethefThis
gives both legs and drip pan maximum coverage of irradiation and hydroxide formation for
greatest cleaning power.

Glossy aluminum reflects about 90 percent UVC @ 254 nm. This means the UV can
ricochet between the ddins that have been cleaned by the process to the opposite side and begin
cleaning that reverse surfac&his same reflectivity is helpful also for the aluminum mesh in the
Everclean hydroxide screens.

House Dust:House dust is made up of a mixtureoofjanic materials and molecules: from
paint flakes to pet hair, from insect parts to fecal materials. Each house is different, but there is no
guestion that the basis of all house dust is organic in nature. Microorganisms and organic dust and
debris floaing in the air starts to break down when exposed to high levels of UV energy.

Simply stated, the exposure of an outside energy force can break the molecular bonds of
many common contaminants found in indoor air today, thus, resulting in a cleansingvdifeh
can improve the quality of life.



Breaking Down VOCS8mokeSfunes and Bapo @re some combination
of organic compounds in a gaseous stafehey can be broken down rather quickly to the
elementary level with the Everclean UVC/lgdde combination.

Odor is based upon what the human nose can smell. This means that as compounds gasify,
they give off some mixture of molecules that sensitize the nose. Odors come from compounds
floating in the air. Applying sufficient energy wlhcange t he compounds®d mo
thus effectively reducing or eliminating the odor.

Application of New Hydroxide Technology

The currenEverclean hydroxide productsre engineered to function within the central
circulating air system of a tygal home or business establishmemhis means they are installed
at the face of the hydroxide screen and inside the evaporative coil. A clean coil means
unrestricted airflow and energy savings .

Ever cl eZhGean Airflow Systemare the only devica the marketplace capable,
with sufficient intensity, to function in very unstable conditions of high wind speeds and
temperatures near 4% found in indoor air circulating systenf@ther UV devices (hot cathode)
will lose up to 90% of the intensity ihese severe conditiong&verclean is so powerful that it can
sterilize this nest of growth and the circulating air at the same time.

The Everclean system kills germs, breaks down debris, dust and vaxmms the HVAC
system regardless of whether tlh@ is operating or notThus goes for both the coil cleaner and
the selicleaning hydroxide screen. This means the hydroxide screen mesh does not have to be
removed and cleanedThe primary mountainous on the Everclean is replacing the lamps about
every3T1 4 years.
Special Designed UV Lamp

E v er c U¥lyadraxide lamp is part of a patented process. It is an unusual system. In
an environment where hazardous (cold temperatures and high wind speeds) conditions pose a

problem for ultraviolet intensity, apecial UV lamp has to be used. That lamp isBherclean
lamp. It thrives in very cold temperatures. How?

Hot Cathode Method

Hot Cathode 0 method of generating ultravi
and igniting the internal gasdsot cathode lamps generally use tungsten filaments at each end of
the tube. These filaments are preheated by employing a glow switch starter and choke or an
el ectronic trigger. This makes the AHot Catho
lamps used for lighting our homes and offices.

FILAMENTS (LITTLE HEATERS)

— = ]

No current accross lamp, resulting in heat reduction
in cold conditions and the loss of UV intensity.

The tungsterfilamentstend to govern the life of the UV lamp. They burnout. Frequent
starts will cause thélamentsat each end of the lamps to deteriorate even faster. In the end,
preheafilamerts shorten the effective life of the hot cathode UV lamps because they age with use.



Generally this type of lamp has a life of about 9000 hours or about one year at room temperature.
Such lamps have a much shorter life- @ months) if exposed to coldeonditions, i.e., 45° F at
the A/C coill.

Beyond thefilament problem, the life of the lamp is also dependent upon the effective
ul traviol et transmission -wdpotrhoe ggasaesss oarndp Itah
becomes a problem for this type l@mp. Operating thdilament lamp in refrigerator like
temperatures (around the A/ C coil) can result
in ultraviolet output.o
The hot cathode lamp has difficulty functioning at temperatures below.7@t B5° F filament
lamps generally lose up to 90% of the UV intensitie reason for this is there is no stabilizing
current for the plasma across the lamp between the two filaments.

The filaments heat the two ends to create an ionized ball aroarfdaitment. lonization
means knockingff electrons from the molecule (without the electron it is called an ion). The lost
electron bounces across to hit another molecule, knocking off another electron, leaving another
ion. The chain reaction continuesass the lamp until the whole mass is ionized. The heated ions
result in plasma, which irradiates light energy in the form of ultraviolet.

In a hot cathode lamp, the chain reaction of electrons knocking off other molecule elections
requires a certain tmperature level surrounding the lamps to maintain the reaction and keep the
molecules excited. That temperature should be between 80° F and 110° F.

But if the coil cools the temperature around the hot cathode lamp to 45°, there is
insufficient heat to mintain the process and the reaction collapses. There is nothing between the
two ends to maintain the heat at colder temperatures. Therefore, the UVC intensity drops by 90
percent. It is much like florescent lamps (which is a form of hot cathode UV &nmp cold
weather.

Cold Cathode Method

The cold cathoddamp is what is used by Everclean to trigger the formation of broadband
UV and ultimately hydroxide. Cold cathode means it starts from a cold st@areheating Also
operating temperature athe Everclean lamp electrodes is much cooler than filaments in hot
cathode lamps.  This type of lamp uses cylindrical electrodes and is started instantly by means of
a high voldagéhiispi Eeoften referredcaeldctoodeas t h
seldom wear out because of lower h#a, cold cathode lamp has a much longer life (3 to 4 times)
compared to the hot cathode, filament lampstead of an average life of about one year for the
hot cathode lamps, cold cathode lamps havie at up to three years, and a few cases up to four
years life if the line voltage for the building when the unit is installed is a constaintli®volts

Since the life of the cold method is not dependent upon electrodes, it then comes down to
the trarsmission of ultraviolet through the glass or the life the plasma. But here again the
electrode lamp has an advantaghis lamp may be operated in very cold temperatures without
excessive fAblackeningo of t he Thehighvdtage dssuesa | i t
fast, instant start at even freezing temperatures.

For the cold cathode method, there can be a small loss of 3 to 7 percent of UVC intensity in
the cold, windy conditions of around 45°.

There are two electrodes at opposite end$e cold cathode lamp: one is a positive post
the other is the negative. By continually sending a high voltage, low amperage charge between the
two posts, one has a stabilizing heat source that will maintain the ionization process even in
extremely ctd or hot temperatures.



Cylindrical electrode for high voltage start

Temperature and Air Speed Factors

Lower temperature and air rushing past the UV lamp can affect both the operation and life
of any UV lamp, particularly if the lamp is the hot method. As indicated above, bogilama
collapses and the glass can solarize or blacken excessively when usingdhthodedube in cold
temperatures. This blocks UV irradiation, resulting in depreciation in ultraviolet output. Further,
lower temperatures cause rapid deterioratibniJ¥ output when accompanied by higher air
velocity (wind speed) found in air conditioning systems.

Numerous fluctuations in temperatures and
cathode UV lamps. These fluctuations can impact the lamp, mueliréguent starting. The
chilling of the internal UV gases causes rapid changes in the electrical characteristics of the
filaments. This ages the filaments much faster.

As was discussed in the previous section, the ideal temperature for the mostectiatti
output is about 80° F to 110° F, with a wind speed of less than 200 fpm. Any variance from these
conditions can cause a deterioration of the mercury vapor and faster aging of the lamp.

The strategy of placement of the Everclean broadband UV langgsass airflow or 360°
irradiation, up and down wind in the dudtt/AC system. This means more dwell time or
irradiation over a longer period for greater volume of air, bombarding the contaminate both
coming and going with the airflow

Hot cathode UVC | amps were used in a lields,d
found to be ineffective because of the difficulty with the cooling effect of high air speed and a
conditioning. This use of UV was saco abandoned, to appear | at

effectiveness, but due low cost of Hot Cathode.




Section #2

Indoor Air Quality

IAQ Part #1
Indoor Air Contaminates

Radon

Radon is a gas that results from the natural breakdown of uranium and radium found in the
earth and water that surrounds many of our honidse gas generally seeps into our homes from
the ground tlough cracks in the floors and walls. In some areas, this is a real problem. Perhaps as

many as 1 in 15 homes in the United States h
guidelines.
Characteristics

e Colorless

e Odorless

e Tasteless

e Naturally occurring

e Radioactive

e Inert, does not chemically react (noble gas)

If the gas becomes part of our indoor breathable air, it can be a health risk. It is believed that
radon is the leading cause of lung cancer for-smokers and the second leading cause of cancer
in smokers. The number of estimated deaths by radon poisoning per year ranges upward to 30,000
in the U.S.

Radon tends to alter the cell structure genetically, that, for some, can take years to affect us,
in the form of cancer or lung tumors.

Building Ma terials

Asbestos
Asbestos is a mineralith very fine fibers that are up to 1,000 times finer that human hair. It
has properties that make it resistant to chemicals, extreme heat and electrical discharges. Because



of these benefits, asbestos was usedh aonstruction material in homes as insulation, -heat
resistant ducting and other important uses prior to 1973. Popcorn ceilings and asbestos board
siding were common uses in residences.

However, asbestos became a health concern beginning in the lat@ 4960 Br eat hi ng
airborne fibers can damage sensitive lung tissue. In the long term, this could result in serious
health problems.

Diseases Caused by Asbestos Exposure

Once inhaled, the small, inert asbestos fibers can easily penetrate the bodgesdefihey
are deposited and retained in the airways and tissues of the lungs. In the alveoli, the location of
gas exchange, asbestos causes the development of scar tissue. This thickening of the alveoli wall
reduces the amount of oxygen available ® blody. Because asbestos fibers remain in the body,
each exposure increases the likelihood of developing one or more of the following diseases:

1- Asbestosis: A chronic lung ailment caused by the build up of scar tissue inside the lungs.
Asbestosis can caa shortness of breath, permanent lung damage, and increases the risk of
lung infections.

2- Mesothelioma: Asbestos caused cancer of the chest cavity lining or abdominal cavity.

3- Other cancers: Cancer of the lung, esophagus, stomach, colon, and pancreas.

Asbhestos causes cancer. This is known from studies of actual groups of asbestos workers,
not inferred from animal studies. The time it takes to develop lung cancer is often fifteen years or
longer. The time frame for developing asbestosis and mesothaawuan longer. Many studies
have shown the combination of smoking and asbestos exposure to be particularly hazardous.
Cigarette smokers exposed to asbestos, on the average are ten times more likely to develop lung
cancer than neesmokers.

Asbestos wasrpnarily abandoned in 1973 as a building material for homes because of
health concernslt was used in a much safer encapsulated form from 1973 to 1985. But then in
1985, its use was completely eliminated.

For homes constructed before 1973, airborne stisbemight be a problem. However, the
problem generally occurs during some action (remodeling, etc.) where asbestos material is
menaced, stirred into the breathable air space. When this occurs, there can be@nldreglth
risks.

Lead

Lead is a sdf metal element that has been used in the past as an additive in gasoline,
galvanized pipes, and ledided food storage cans and paints.

For animals, lead can cause genetic mutation and cancer. As for humans, lead can be
ingested or inhaled and carriedall parts of the body through the bloodstream. The accumulation

of lead in the body can | ead to fAlead poisoni
Residential construction uses before 1930 often includedbaseld water pipes. This meant
that | ead | eached into the usable household wat

but homes built before this date may still have lead piping.

The greatest source of lead in our home comes from paint. Most homes built prior to 1950
usedhighly concentrated lead in paints and varnishes. Some of the paints had up to 50% lead
content. Since then, lead use in paint started declining. Finally, in 1978 the government banned
lead paints all together.



Homes built bef or eatesthisk forll€ad gbiosingh @nldeen tah iagesy lead
by chewing painted surfaces. During renovations,-legkd paint dust may go airborne and could
be inhaled. Following are the more common sources of lead exposure:

High Amount Sources
e Leadbasel paint chips, interior and exterior paint (before 1977)
e Old window glaze

Medium Amount Sources
e Soil, especially in dense urban areas
e Dust and debris from older building renovation

Low Amount Sources
e Drinking water

e Playground soil

e Household dust

Todaydéds Heal th Hazar ds

Even though radon is an -@oing problem, lead and asbestos are becoming less so because
their use in construction ceased during the 6
periods can still contain lead and astos, but modern construction techniques do not include
them. Further, recent building codes require tight construction, helping to reduce the intrusion of
radon gas into the indoor air stream. But new problems have arisen. In this section, weewill co
contaminates that most affect us.

Lifestyle Changes

Many things have changed over the last 40 years, and much of the increase in indoor
contamination can be traced to these changes.

Since the 1970606s, homes and ofierfergyctighd. Olrav e b
buildings are now encased infias e a | e d -@nvedlopesesigred to hold the weather out and
comfort in. This has resulted in little fresh outside air being mixed with the indoor environment.

Our homes and offices now function withcédsedin, mini-environment and their own
internalized air chemistry. For most buildings, the inside air now moves throughout this mini
environment in a selfontained CLOSER.OOP-SYSTEM, known as the central heating and air
conditioning system.

Whenhore s ar eupis ewi tllout fresh air there is a
indoor air.Indoor air can be up to 100 times more polluted than outside air. In 1989 the EPA
listed the indoor condition as being one of the top five environmentdkpnshbn the nation. More
recently, the California EPA suggested that the indoor environment was the fourth leading cause
of cancer.

Organic -based Pollutants

What doesorgahi® wmead?fi Many would say it i S
however the wordorganichas a chemical definition as welrganicalso means compounds that
are carborthydrogen basedThese carbcbased compounds can form amino acid chains that
become what we know of as #dAlife. 0

The element of carbon is a heavy molecule &mahors lighter elements in organic materials.
Some organic compounds have a combination of carbon, nitrogen, hydrogen and oxysn.



organic materials are based upon the carbon and hydrogen combinatiohydsocarbons
Petroleum products and gasdithat operate our automobiles are an example of hydrocarbons.

The toxic gases found in homes, such fasmaldehydeand benzeneare primarily
hydrocarbons. Airborne indoor dust particles, like dander, hair, dust mite feces, etc are based upon
organic mégerial, generally associated with thpid group. And of course, bacteria, molds and
viruses are made of carbtmased amino acids and DNA molecules. Thus, contaminates polluting
our homes are almost entirely organic or carbased compounds.

The Prob lem is the Lungs
Sensitive Tissue:lf something hazardous is ingested into the humst@mach,acids and
other chemicals can destroy them; however, this is not the case for the human lungs. Our lungs
contain somef the most sensitive tissue in the humadyb There are no acids or other chemicals
to break down potential hazards taken into the lungs.
The -silaadko tissue of the lungs and blood cap
to efficiently and quickly absorb oxygen into the bloodstreAirborne carcinogens can likewise
be absorbed into the lung tissue rather easily.
In the nasal area there are cil@irs) and mucus membranes, designed to capture airborne
particles before the lungs; however, the collection of any contaminates in #lemasis may
itself become aource of an allergic reaction
Antibodies can counteattack to reduce the presence of germs in or near the lungs.
However, toxins infiltrate freely. Bacteria, viruses, molds and very small particles move in and out
of thelungs with little impediment.
Volume of Air:_Another problem associated with our lungs is the sheer volume of air that
we take in. The greater the volume of contamination over time, the greater the potential damage.
The typical human breatheé®,000 tines a day This constitutes an enormous volume of air
passing through the lungs. In additidhe weight of the air taken into the lungs is about seven
times the weight of the food eat@na 24hour period for most
humans!

We Live Indoors: As human beingsve now spend up tc
95% of our time insideur buildings, where we breathe the:
higher levels of indoor contamination.

In summary, we have body tissue within our lungs tha
especially susceptible to airborne contaminates. To
matters worse, we umtentionally load the air with hazardou
organisms and toxins, and then breath these contaminates
an incredible volume.

Categories of Airborne
Contaminates

There are three very broad categories of airborne contamina
1. Allergenic Particulates (comonl y cal |l ed fihouse dust o0)
2. Vol atile Organic Compounds (gases & toxins <c
3. Bioaerosols Biological Organisms.
Particles & House Dust

House dust is the product of our very indoor existence and how we live and operate within
our homes. It is what & as humans, produce.




If we were to take a scraping of house dust fromcinatral air filterand put it under the
mi croscope, webd be a Ilittle surprised.-- Most
something like sand granules. But thahad what would be seen under a microscope. We would
see dead skin flakes, animal and human dander, animal and human hair, insect parts, insect & dust
mite fecal pellets, paint flakes, building material particles, clothing and carpet fibers, and other
smal particulates. Thus house dust is thepbgduct of our existencehased upon organic
(carbon & hydrogen) compounds.

Volatile Organic Compounds (VOC)

Almost every physical product that is within our homes is based upomaada chemicals.
The furnishings, carpets, clothing, bedding, paints, building materials, glues, soaps, cleaning
fluids, particleboard, insulation, and other materials are an outgrowth of chemistry. With some
exception, most of these chemicals are made of petrebeased products.

All chemicals, over time, tend toreak down or decagt the molecular level. They have
certain level of volatility (some more than others). Organic compounds tend to decay much faster
than nororganic materials.

As organic materials break down, they forasgs and fumes. These gases are referred to as
Volatile Organic CompoundsVOCOs) . The mi ddl e orgaaicindliicatesthat he p
organic molecules are associated with airborne contaminates. VOC fumes and toxins become part
of the air stream #t we breathe daily.

A joint study by the Environmental Protection Agency (EPA) and the California Air
Resources Board (ARB) found indoor levels of many toxic air pollutants are frequently greater
than outdoor levels, often by a substantial marginh $4ime and in some cases, up to 100 times).
Residential indoor levels of many volatile organic compounds tend to be especiallyMagy.
VOC6s have been |l inked to d&onreuwfeenore armmod ares e a s
listed below:

Increased risk of cancer

Neurological disorders

Eye irritation and damage

Respiratory damage and distress

Increased risk of heart, liver, kidney, and nervous system damage
Anemia

Depression

NoakswNE

As the next two figures illustrateplatile chemicals can be found in a whodéage of home
building materials, including roofing, siding, framing materials, vapor sheeting and paints,
insulation, foundation sealant, sflboring & underlayment, floor coverings, cabinets, wall
paneling, paper and boards, adhesives & caulking, eestitipping, paints, varnishes and waxes.



VOC's from Building & Consumer Products

Chemical Uses in Products

1.Formaldehyde 1. Plywood, pressed and particle board, fiberboard, adhesives, smoke and fumes

2.Benzene 2.Gasoline fumes, rubber and plastic solvents, smoke, stains, paints, vamishes

3. Xylenes 3. Adhesives, smoke, solvents, enamels, non-lead auto fuels, wall compounds,
caulking, clothes and shoe dyes, wall paper, floor coverings, grease cleaner,
varnish, pesticides and kerosene vapors

4. Toluene 4. Same as #3, plus vinyl floor and wall coverings and calcium silicate sheets

5.Styrene 5. Paints, synthetic rubber, plastics and resins

6.Toluene Diisocyante (TDH) 6. Paints, synthetic rubber, plastics and resins

7.Trichiroethylene 7. Polyurethane foam aerosols

8.Ethyl Benzene 8. Solvents

9.Ethyl Benzene 9. Aerosol finishers and paint strippers

10. Paradichlorobenzene 10. Room deodorizers & mothballs

11.Benzyl Chloride & Benzal Chloride 11, Vinyl tiles covered with Butyl Benzyl Phthalate

12.2-Butanone (MEK) 12. Same as #3 (Xylenes) and #4 (Toluene)

Products Use of Products

1. Pressed wood products 1. Decorative paneling, particle board, hardwood plywood and fiberboard

2. Insulation products 2. Formaldehyde binders in fiberglass installation and foam type insulation

3. Combustion output 3. Natural gas and oil based fumes, smoke from fireplace, tobacco and autos

4. Coatings, stiffeners, water repellents 4. Permanent press textiles, wood preservatives, carpet and carpet backing,

and wrinkle resisters floor coverings and adhesives
5.Paper products 5. Paper towels, grocery bags, waxed paper, cosmetic tissues and fiber sanitary
products
6. Misc. other products 6. Cosmetics, deodorants, shampoos, plastics, adhesives, paints, fabric dyes, inks,
disinfectants, fungicides, and fertilizers

This next chart illustrates how combustion appliances contribute to indoor carbon
monoxide (VOC) gases. This chart refers to home furnaces, water heaters and fireplaces

Indoor Carbon Monoxide Gas Caused By Combustion Appliances

Combustion Appliance Gas Contamination
1. Natural or liquefied gas room heaters, central furnaces 1. Maladjusted burners, insufficient air to burn fuel properly,
& gas fireplaces cracked heat exchanger, defective or blocked flue, negative
pressure backdraft
2. Natural or liguefied gas water heaters 2. Maladjusted burners, defective or blocked flue or not enough

air to feed the burning fuel properly, negative pressure backdraft

3. Natural or liquefied gas ranges and ovens. 3. Misusing as a indoar heater, maladjusted burner,
and insufficient air for fuel to burn right

4. Wood fireplace 4, Lack of good draft from chimney height, blocked or
clogged flue, and negative pressure backdraft




Biological & Micro -organisms

The World Health Organization (WHO) estimates that 12 million deaths per year result
from airbornetransmitted diseases such as: acutpira@®ry infections, tuberculosis and measles.
These numbers pale in comparison withribenber of people who lose time at work and school or
whose quality of life suffers from allergies, asthma or viral infections such as tfiaflienza),
measles othe common cold.

The Worlds Top Ten Infectious Killers (1997)

1.Haemophilus influenza and other bacteria (lower respiratory infections) 3.7 million deaths

2.Mycobacterium tuberculosis (tuberculosis) 2.9 million deaths

3.Vibrio cholerare and other pathogens (diarrhea) 2.5 million deaths

4. Immunodeficiency virus (AIDS) 2.3 million deaths

5.Plasmodium falciparum and other protozoan (malaria) 1.5-2.7 million deaths

6. Morbillivirus (measles) 960,000 deaths

7.Hepatitis B virus (Hepatitis B) 605,000 deaths

8. Bortadella pertussis (whooping cough) 410,000 deaths

9.Clostridium tetani (tetanus) 275,000 deaths

10. Flavirus (dengue hemorrhagic fever) 140,000 deaths
Source: World Health Organization

A cubic yard of the atmosphere can contain hundreds of thousands of bacteria, viruses,
fungal spores, pollen grains, lichens, algae and prot@z8a, per cent of whi ch <ca

a microscope A 0 g o expels overrl@ mailioa germs. Dr. James Hughes, director of the
National Center for Infectious Diseases, staies:n f ect i ous di seases are t
death in the U.S. and the | eading cause of de

One of the major health comms in medicine is how quickly dangerous microorganisms
can mutate. In the last two decades more than 30 aggressive new diseases have been discovered.
Many areantibiotic resistant As Dr. Hughes saysi A b 1neavngdneration of bacteria can

appearinjus 20 minut es. Mi crobes have evolution o
Living Source Microorganisms Examples of Bioaerosols
(microbes):
Bacteria Legionella, Actinomycetes
Fungi Histoplasma, Alternaria, Pencillium, Aspergillus,
Stachybotrys, aflatoxins, aldehydes, alcohol
Protozoa Naegleria, Acanthamoeba
Viruses Iinfluenza (flu)
Algae Chlorococus
Green plants Ambrosia (ragweed) pollen
Arthropods Dermatophagoides (dust mites) feces

Mammals horse or cat dander




Broad Categories of Microbes

1.

There are fundamentally three groups of microbes in the
indoor air stream:

Pathogens: direct infections and destruction of body cells
caused by bacteria, molds and viruses. Examples
include: flu, the common cold, measles, TB, and
Legionella.

Toxins: toxic gases that can have a toxic neurological
effect on the human body. Examples include: E-coli
bacteria, tetanus bacteria, mycotoxins from molds, etc.
Allergens: mold, bacteria, pollens and dust mite
byproducts causing mal adjusted human immune system.

Groups of Organisms Contaminating the Air

lethal airborne toxins, awspergillus versicolor, MemnonielEndStachybotrys

Georgia Techdés I ndoor Environment

There are four very broad types of microorganisms that contaminate the surrounéing air
directly and indirectly: &) Fungi/molds;(b) bacteria; (c) virus; and (d)anthropoids
Fungi and molds fungi, mold and yeast are all part of the same family. They are classified
under a single heading of Afungi
are thousands of varieties in the fungi family. The most common household molds are
Cladosporium, Penicilliumand Alternaria. Those molds that are less common, but can produce

0

Fungi

ar e

Fungi tend to be larger than other life forms in this broad category of microorganisms.
Fungal spores can be as small as 3 microns or as large as 140 rGioemsgcron equals one
millionth of a meter- 25 microns are equal to orenethousands of an oh!
Ideal growth conditions for fungi and molds include environments that contain moisture,
warmth and nutrients. However, we find molds throughout the world in all types of conditions,
especially where there is moisture. As fungal organisms flourigly, gfive off three types of
byproducts These contaminates are:

Fungi and mold spores Spores ar e, i n

allergen.

a s eplardsethat rifiesttee d s 0
air currents to new food sources and growth opportunities. Spores are considered to be an

Enzyme filaments (mycelium)mold debris secretes enzymes, which can digest carbohydrates
and proteins. When these filaments go airborne, they also can be aggressive allergens.
organi c f bewmamhes ,
benzene, etc.) into the air, which can be lethal to humans. These airborne toxins are called
mycotoxins. Stachybotrysnold produces especially dangerous toxins that can caufikeflu
symptoms, with headaches, hearing loss, dizziness and eaegfirly in the lungs. Death has

Toxic Gases As mol ds fAdigesto

even occurred frortachybotrysoxin poisoning.

Studies from Harvard, Georgia State and Georgia Tech. suggest thadidoonee volatile
organic compounds blamed on building materials are the result of molds and fungngraside
buildings.
We have known for some time that molds produce allergens that are a major cause of
allergies. New testing indicate§, As mol d and
cont ai n VOCsaie Bri Ghariere rBayerpopripal research scientist and director of

fungi

t h

gr ow, t hey

Research

Pr



Sidney Crow, a biologist at Georgia State
buildings in the Southeast. The samples were cultured in a lab an®DthedVs r el eased f
microbial broth were analyzedi Many of the volatile compounds
identical to those originating from solvebased buildings u p p | he esad,fict hese VOCDO
include hexane, methylene chloride, benzeneda acet one. 0
Bacteria

Bacteria are the most abundant living organisms on earth. Even though bacteria fit into the
Aani mal 0 category, they are individually so s
Bacteria are 100 to 300 times smaller thamdi! This size makes it difficult to detect the
presence of bacteria in the air stream.

Animal and humans tend to be the habitat of choice for bacteria. Bacteria flourish on
organic matter, amino acids and moistuf@f the ten major infections that kihumans, bacteria
cause five.

Viruses

Viruses are extremely simple life forms and very smakven100 times smaller than
bacteria! This makes viruses extremely difficult, if not impossible, to detect when airborne. We
generally know of their presce only by the symptoms they create.

What is unusual about viruses is thg
have a very simple DNA structur€.h e i r
makeup does not include the traditional DN
idoutbdlei xo0 for cel |l
they have no metabolic functions of thewn.
Therefore, viruses have no way to multiply a
grow outside a fAhost
infiltrate living cells (human, animal, plant) ca
they replicate.

In a sense, viruses become D
parasites by taking over the DNA cell struct
of otherIf e f or msét hen gr
However, by doing this, they destroy the cells
of other living hosts. This cellular damage is what makes viruses so dangerous.
Domestic Arthropods

A building can be home to many different species of very small invertebr&estwo
groups tend to play a big role in airborne contaminates. These are cockroaches and dust mites.
Large numbers of these two are generally present in most homes and buildings.

It is not the cockroach or the mite that can be dangerous themsklitethe byproducts
they produce. Itis the inhaled airborne soluble proteins, feces and debris they give off that become
the problem.

This next figure outlines a sampling of some likely diseases caused by indoor biological
contaminates, primarily fgi and molds.




A few likely diseases caused by indoor microorganisms

—y

. Eye and upper respiratory irritants 1. Dust mites, dander, fungi & molds, insect excretions,
(rhinitis, sinusitis and otitis) viruses and feathers

2. Pneumonia ((infection of lower lung) 2. Viruses and bacteria

3. Asthma (inflammation of breathing tubes) 3. Fungi, dander, dust mites, insect excretions and feathers

4. Allergic alveolitis (inflammation of lower lung) 4. Bacteria, fungi and molds, feathers and insect excretions

5. Humidifier fever (flu-like iliness with headaches and fatigue) 5. Fungi, molds and bacteria

6. Histophasmoisis (Flu-like symptoms) 6. Fungus in soil mixed with bird droppings

7. Allergic bronchopul- monary aspergillosis 7. Fungi, Aspergillus fumigatus common in soil
(Complicated form of asthma)

8. Dermatitis, eczema, rash (inflammation of the skin) 8. Dust mites, dander, feathers and insect excretions

9. Mycotoxicosis (inflammation of heart caused by 9. Caused by specific molds

toxic reaction to molds)

In summary, we breathe tremendous volumes of air that carries with it a whole cauldron of
contaminates. Generally, we cannot see this smorgasbord of particles and debris. Fungi and mold
spores, pollen grains, wvses, bacteria, animal and insect debris and fecal materials, fume and
smoke particles and more, all range from .05 micron to 30 microns.

Thus, it seems obvious whyhalants(airborne particles) are one of the biggest concerns
for our health and welbang.

IAQ Part #2
Frightening Problems of Airborne Pathogens

When assessing the risks of all indoor contaminatess,biggest risk within the home
environment are the microorganisms bacteria, molds and viruses. Most other types of
contaminates usuglloffer less risk. However, in specific conditions, heavy concentrations of
VOCO6s could be more dangerous than microbi al
exchanger can produce airborne carbon monoxide poisoning.

In a typical home, howevethe microorganisms are normally of greater risk. Biological
organisms present a complex probleihey continuously grow and multiply, demanding control
solutions that are permanentThe following sections will help you to understand how these
microorcganisms live and how they affect all of us.

Airborne Bacteria & Viruses

It has been only recently that the sciencé dk e r o b i(thel study wfdife forms in the
atmosphere) has drawn much attention. As the result, little is known about organiskng iha
the air we breathe. Some of the few airborne diseases that have been identified by scientists are:
colds, flu, TB, polio, measles, diphtheria and pneumonic plague.
Going Airborne

Recent investigations have found tlegidemicsof TB, chicken poxand gastrianfections
can roam through hospital rooms with impunigpparently through the circulating air. Mark
Sawyer, University of California, San Diego, succeeded in detecting (using complicated,






