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Section #1 
 

Self -Cleaning Technology  

 

The Science Behind the Medicine  
Molecular Structure  

Everclean use two methods for self-cleaning the hydroxide screen and the coil in order to 

keep up with the heavy airborne particle count now found in homes: (a) photo-catalytic or 

photochemical, and (b) chemical to chemical process called hydroxide oxidation.  Letôs review 

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 attraction. 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. Elements 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 elements are bound together 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 contamination.  We 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 life.  Carbon is not only found in ñlife,ò but a whole range of chemicals. A number of 

useful organic compounds are made up of carbon, nitrogen, hydrogen, oxygen and traces of other 

elements. 

The most recognizable organic compound is based upon the carbon and hydrogen 

combination, or hydrocarbons.  Plastics, petroleum products and gasoline are hydrocarbons.   

Organic compounds tend to break down or decay faster than non-organic.  The decaying 

process means hydrogen and carbon molecules separate.  For example, if the plastic (organic) in 

milk bottle is left in the sun for a couple of years, much of it will decay.  Skin, hair, tissue (all 

organic) decays rather rapidly.   

The toxic VOC gases in our homes such as formaldehydes and benzenes are hydrocarbons.  

Airborne indoor dust-particles, like dander, hair, dust mite feces, etc. are based upon organic 

compounds generally associated with the lipid group. And, of course, bacteria, molds and viruses 

are based upon carbon.    

Here is the thread that runs through all indoor contaminates; those things that pollute our 

homes are almost entirely based upon organic or carbon (carbon and hydrogen) based 

compounds.  With that understanding, we now focus on the forces that will break down organic 

and carbon-based contaminate-molecules.   In short, a photochemical process, initiated by short-

wave ultraviolet can do this. 



Short -Wave Ultraviolet  

We all accept but donôt understand the damaging effects of x-ray and gamma ray radiation. 

Why isnôt visible light as destructive on human cells or bacteria as x-ray and short wave UV have 

been shown to be? 

X-ray, gamma, ultraviolet, infrared and visible light energy all fit in a category called 

ñelectromagneticò energy.  They all have the same characteristic ñlazy Sò energy wave, as seen in 

Figure #1, that travel at the speed of light.  The light ray energy is called photons that oscillate, 

resulting in wave frequency.   

The difference in each type of wave energy is the wavelength, the distance across this 

wave.  By definition, the shorter the distance across the wave, the more powerful the wave will be.  

The difference in the wavelength determines how the wave affects its surroundings.   

It is this wavelength difference that allows short-wave x-ray to pass through walls, while 

longer-wave visible light cannot pass though the same material; short-wave ultraviolet and x-ray 

can destroy DNA in living microorganisms and breakdown organic material while visible light will 

not.  

 
 

 
 

                                       
 

 

 

 
 

 

 

 
 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

What is Ultraviolet Light?  

 

Nanometers: Measuring Light Energy  

 

All light energy is measured on a ñnanometerò (nm) scale as 

outlined in Table #2.  Nanometer means one-billionth of a 

meter. The lower end of the scale has the shortest 

wavelength, and the upper the longest. Cosmic, gamma, x-

rays and ñCò band UV are all classified short-wave energy. 

Visible light is at middle ground, at 400-700 nm on the scale. 

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

from about 800 to 1400 nm, and radio waves are longer yet 

in the 1400 to 2200 nm range.   

 



Ultraviolet light is toward the low end of this scale, from about 100 to 400 nm, with three 

categories, ñA,ò ñBò and ñC.ò  UV is beyond the range of visible light and cannot be seen.  We 

only see evidence of its presence.   

Short-wave UV, called ñCò band (100 ï 280 nm) is known as UVC.  Most C band radiation 

is screened from the sun before reaching the earth by the production of ozone in the upper 

atmosphere.  Useful UVC is entir3ely manmade, found in todayôs low-pressure UVC lamps.  

The most effective sterilizing range for UV is within the C bandwidth. This range is called 

the germicidal bandwidth.  The ideal germicidal 

curve is considered 240 nm to 280 nm, with the most 

effective at 265 nm (Figure #3, next page).  

With the initial exposure, UVC has properties 

that alter the cells of living tissue, particularly 

microbes. UVC radiation triggers the formation of 

peptide bonds between certain amino acids in the 

microbeôs DNA molecules.  This renders bacteria, 

viruses and molds harmless by robbing them of the 

ability to reproduce. If the germ cells are exposed for longer periods, they start breaking down to 

the molecular level (carbon, oxygen, hydrogen, nitrogen ions, etc.). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Targeting Microorganisms  
 

Germicidal effectiveness is based upon UV intensity. Intensity is measured in microwatts 

per square centimeter (µw/cm²).  When determining the energy required to destroy a 

microorganism, a third element is necessary: time.  It is microwatt-seconds per square centimeter 

(Õw x sec/cmĮ), with ñsecondsò in the formula being the amount of time, at that intensity, required 

to destroy a given microbe.  Figure #4 is based upon an energy output of µw-sec/cm² at 253.7 nm 

to destroy 90 percent of the organisms at 1 meter. 

Germicidal effectiveness of UVC is directly related to the dose applied, and the dosage is 

the integral product of time and intensity, called dwell time.  In other words, high intensity UV 

It has been determined that the 
optimal wavelength for germicidal 
effectiveness is 265 nm    

 

Figure #3 

Rather than trying to target a 
specific contaminate, multiple UV 
wavelengths should be used as a 
global approach that will kill 
multiple categories of 
microorganisms, taking out the 
target germ that is creating the 
problem.    

UVB (280-320 nm) and UVA (320 ï 400 

nm) are not effective germicidal 

bandwidths, but are very useful in 

photo-catalytic process for reducing 

toxins (VOCôs) and house dust.  



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 that an 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 the organism is 

very close to the lamp.  

 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Photochemical Process, the Mechanics of Ultraviolet  

 There are a number of reactions going on when UV irradiates germs and organic 

compounds.  As seen in the nanometer chart, UVC is near the x-ray 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 essentially the science of 

photochemistry, or photon-chemistry. Photochemistry is defined as a chemical reaction or change 

An Everclean system uses two process to keep up with high levels of airborne contaminates circulating 

or growing within a heating and cooling forced air systems.  The two processes are: (a) broadband 

UVA, UVB and UVC photo-catalytic process; and (b) chemical to chemical hydroxide oxidation.   



in a material induced by the radiation of light energy.  Sunburn is a photochemical process that 

alters the chemistry of the skin, causing a breakdown.   

The photochemical process is essentially a photoionization process where electrons 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 compound becomes unstable and ñfalls a part.ò 

 

 

 

 

 

 

 

 

The first rule of this photo energy process is that each type of compound has a sensitivity 

level to photon energy; there is a given wavelength of light energy at which each type of material 

will react.  It is at this given wavelength that electrons are stripped (or altered) from the target 

molecule, breaking bonds and causing a chemical alteration.   

  The second rule in this degradation process is the higher the frequency of a wave, the 

shorter the wavelength, the more energy a wave has 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 alteration will occur. 
 

Ultraviolet and Ozone  

UV at the 100 ï 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 stable oxygen (O2) molecule readily absorbs ultraviolet 

light at 184 nanometers (nm).  This absorption of ultraviolet light in the atmosphere breaks the 

molecular bond between a two-oxygen molecule (O2), resulting in an O1 free radical (atomic 

oxygen).  A single atom (O1) of oxygen will immediately search for a stable molecular 

combination, often O2. This new combination forms ozone (O3), which is highly corrosive. 

In 1972, it was discovered that Ultraviolet (UV) could clean surfaces of organic 

contamination. The ideal 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 O2 and can be a highly effective method for ozone 

production.   

 

 

 

 

 

 

 

 

 

 

 

 

 

UVC can keep 

surfaces clean 

of organic 

contaminates 

indefinitely  



 
 

It was also learned that the combination of ozone and UV could clean surfaces up to 2,000 

times quicker than ozone alone, and UVC alone is 10 times more effective than ozone, as shown in 

the above table   

However, it has also been determined that ozone is very corrosive on metal parts and can 

be damaging to HVAC systems when combined with UVC.  Thus any UV, which produces ozone 

(184 nm), may prove destructive to aluminum coil fins and copper tubing.  

Thus, there are several 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 breathe it. The EPA and American lung association are now strongly against 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 with a titanium-dioxide 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 contaminants from 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 when short-wave 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 organic materials 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 ways: (a) mold growth in the damp coil 

environment produces a sticky enzyme material for collection of airborne organic 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 particle collection and growth on both the central air filter and A/C coil results in 

decreasing airflow (air restriction) and increased energy costs.  

 Hydro-peroxide development: This first oxidizing process (within 200 ï 320 nm) is the 

result of electron ejection by UV irradiation of organic materials, giving rise to free radical 

(hydrogen ion) development.  The radicals react with ordinary atmospheric oxygen (O²), forming 

hydro-peroxide (H²O²) ions. The hydro-eroxide process activates a chain reaction with the organic 

material from the continual UV destruction of the hydroperoxide, triggering further oxidation. 

This oxidation process primarily operates on organic compounds and not metals. 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

Hydroxyl Radicals: Another key development at an operational coil is the generation of 

water through condensation on the fins.  Studies by Mattex (1974) showed 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 presence of water droplets being exposed to UV (200 to 320 nm) in the coil area 

breaks down water molecules (H²O), resulting in the formation of hydroxyl (HO) radicals. These 

radical ions are stable but a very potent one-electron oxidant.  The reason hydroxyl 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 oxidation, as the result of the water at the coil. The process turns into 

a chain reactionéthe breakdown and formation of new HO radicalsô results in continual decay of 

the organic material.   This is the chemical-to-chemical reaction Everclean is after.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
 

 



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 to the destructive nature of ozone on metals.  Everclean lamps block all UV irradiation below 

200 nm to prevent the creation of ozone using titanium dioxide coating. On the other hand, 

hydroxyl radicals tend to target organic materials for oxidation and not metals. These radicals 

absorb hydrogen out of organic compounds (house dust, VOCôs, germs).  Because of this, hydroxyl 

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 coil is 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, which further destroys 

organic materials.  

 

 

 

 

 

 

 

 

 

          

 

 

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 coil is 

cleansed, ñéa clean surface under UV radiation maintains surface cleanliness indefinitely.ò  

Further, UV irradiation within the system degrades airborne microorganisms and other 

organic contaminates (particles and toxic VOC gases) circulating within the air stream of the 

home, with the same photochemical reaction.   For best results, the Everclean lamps should be 

placed upstream from the coil, within the 3 ï 6 inches of the coil face.  Within the ñAò coil, the 

lamps should be mounted and passing through the delta-wall holding the two legs together.  This 

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 coil fins that have been cleaned by the process to the opposite side and begin 

cleaning that reverse surface.  This same reflectivity is helpful also for the aluminum mesh in the 

Everclean hydroxide screens.  

House Dust: House dust is made up of a mixture of organic materials and molecules: from 

paint flakes to pet hair, from insect parts to fecal materials.  Each house is different, but there is no 

question that the basis of all house dust is organic in nature.  Microorganisms and organic dust and 

debris floating 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 cleansing effect, which 

can improve the quality of life.  

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

Later 



Breaking Down VOCôs Smoke & Odors: Smoke, fumes, and vapors are some combination 

of organic compounds in a gaseous state.  They can be broken down rather quickly to the 

elementary level with the Everclean UVC/hydroxide 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 will change the compoundsô molecular structure, 

thus effectively reducing or eliminating the odor.   

 

Application of New Hydroxide Technology  
 

The current Everclean hydroxide products are engineered to function within the central 

circulating air system of a typical home or business establishment.  This 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 . 

Evercleanôs Self-Clean Airflow Systems are the only device in the marketplace capable, 

with sufficient intensity, to function in very unstable conditions of high wind speeds and 

temperatures near 45 F found in indoor air circulating systems. Other UV devices (hot cathode) 

will lose up to 90% of the intensity in these severe conditions.  Everclean 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 toxins within the HVAC 

system regardless of whether the fan is operating or not. Thus goes for both the coil cleaner and 

the self-cleaning hydroxide screen.  This means the hydroxide screen mesh does not have to be 

removed and cleaned.  The primary mountainous on the Everclean is replacing the lamps about 

every 3 ï 4 years.  

Special Designed UV Lamp  

Evercleanôs UV/hydroxide 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, a special UV lamp has to be used.  That lamp is the Everclean 

lamp.  It thrives in very cold temperatures. How?   
 

Hot Cathode Method 

Hot Cathode ò method of generating ultraviolet refers to elements of the lamp getting hot 

and igniting the internal gases. Hot 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 

electronic trigger. This makes the ñHot Cathodeò UV lamps similar to standard preheat fluorescent 

lamps used for lighting our homes and offices. 

  

 

 

 

 

 

 

 

The tungsten filaments tend to govern the life of the UV lamp.  They burnout.  Frequent 

starts will cause the filaments at each end of the lamps to deteriorate even faster. In the end, 

preheat filaments 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 (6 - 8 months) if exposed to colder conditions, i.e., 45° F at 

the A/C coil.  

Beyond the filament problem, the life of the lamp is also dependent upon the effective 

ultraviolet transmission of the glass and the life ñmercury-vaporò gases or plasma. And this 

becomes a problem for this type of lamp.  Operating the filament lamp in refrigerator like 

temperatures (around the A/C coil) can result in ñexcessive bulb blackening and rapid depreciation 

in ultraviolet output.ò  

The hot cathode lamp has difficulty functioning at temperatures below 70° F.  At 45° F filament 

lamps generally lose up to 90% of the UV intensity.  The 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 around the filament.  Ionization 

means knocking-off 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 continues across 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 temperature 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 maintain 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 lamps) in cold 

weather.  
 

Cold Cathode Method  

 The cold cathode lamp is what is used by Everclean to trigger the formation of broadband 

UV and ultimately hydroxide.  Cold cathode means it starts from a cold start - no preheating.  Also 

operating temperature at the 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 voltage ñspike.ò  This is often referred to as the ñstrikingò voltage. Since the electrodes 

seldom wear out because of lower heat, the cold cathode lamp has a much longer life (3 to 4 times) 

compared to the hot cathode, filament lamp.  Instead of an average life of about one year for the 

hot cathode lamps, cold cathode lamps have a life of 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 constant 110 ï 114 volts 

Since the life of the cold method is not dependent upon electrodes, it then comes down to 

the transmission of ultraviolet through the glass or the life the plasma.   But here again the 

electrode lamp has an advantage - this lamp may be operated in very cold temperatures without 

excessive ñblackeningò of the glass, thus little or no loss of UV output.  The high voltage assures a 

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 ends in the 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 cold or hot temperatures.  

 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

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, both the plasma 

collapses and the glass can solarize or blacken excessively when using the hot cathode tube in cold 

temperatures.  This blocks UV irradiation, resulting in depreciation in ultraviolet output.  Further, 

lower temperatures cause rapid deterioration of UV output when accompanied by higher air 

velocity (wind speed) found in air conditioning systems. 

Numerous fluctuations in temperatures and air velocities cause an ñagingò process in hot 

cathode UV lamps.  These fluctuations can impact the lamp, much like frequent 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 most effective UV 

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 lamps is across airflow or 360° 

irradiation, up and down wind in the ducts-HVAC 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 lamps were used in a limited way in HVAC dust systems in the 1950ôs ï 60ôs, but were 

found to be ineffective because of the difficulty with the cooling effect of high air speed and air 

conditioning. This use of UV was soon abandoned, to appear later in the 1990ôs.  Not due to 

effectiveness, but due low cost of Hot Cathode.   
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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 homes. The gas generally seeps into our homes from 

the ground through 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 have radon contamination that exceeds the EPAôs 

guidelines. 
 

Characteristics 

 Colorless 

 Odorless 

 Tasteless 

 Naturally occurring 

 Radioactive 

 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 non-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 mineral with 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 used as a construction 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 late 1960ôs. Breathing these 

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 body's defenses.  They 

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 to the body.  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 cause 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. 

Asbestos 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 mesothelioma is even 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 non-smokers. 

Asbestos was primarily abandoned in 1973 as a building material for homes because of 

health concerns. It 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 asbestos might 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 a long-term health 

risks. 
  

Lead  

 

Lead is a soft metal element that has been used in the past as an additive in gasoline, 

galvanized pipes, and lead-lined food storage cans and paints. 

For animals, lead can cause genetic mutation and cancer.  As for humans, lead can be 

ingested or inhaled and carried to all parts of the body through the bloodstream.  The accumulation 

of lead in the body can lead to ñlead poisoningò, which may result in permanent organ damage.  

Residential construction uses before 1930 often included lead-based water pipes. This meant 

that lead leached into the usable household water. The use of lead in pipes ceased in the early 30ôs, 

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 

used highly 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 before the 1950ôs have the greatest risk for lead poisoning.  Children can ingest lead 

by chewing painted surfaces. During renovations, lead-based paint dust may go airborne and could 

be inhaled.   Following are the more common sources of lead exposure: 
 

High Amount Sources  

 Lead-based paint chips, interior and exterior paint (before 1977)  

 Old window glaze  
 

Medium Amount Sources  

 Soil, especially in dense urban areas  

 Dust and debris from older building renovation  
 

Low Amount Sources  

 Drinking water  

 Playground soil  

 Household dust  

 
Todayôs Health Hazards 
 

Even though radon is an on-going problem, lead and asbestos are becoming less so because 

their use in construction ceased during the 60ôs and 70ôs.  Granted, homes built during those earlier 

periods can still contain lead and asbestos, 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, we will cover 

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 1970ôs, homes and offices have been built so that they are ñenergy tightò. Our 

buildings are now encased in a ñsealedò thermo-envelope, designed 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 with a closed-in, mini-environment and their own 

internalized air chemistry.  For most buildings, the inside air now moves throughout this mini-

environment in a self-contained CLOSED-LOOP-SYSTEM, known as the central heating and air 

conditioning system. 

When homes are ñsealed-upò without fresh air there is a direct increase in stale, contaminated 

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 environmental problems in the nation. More 

recently, the California EPA suggested that the indoor environment was the fourth leading cause 

of cancer. 

Organic -based Pollutants  

What does the word ñorganicò mean?  Many would say it is the basis of life.  This is true, 

however, the word organic has a chemical definition as well. Organic also means compounds that 

are carbon-hydrogen based. These carbon-based compounds can form amino acid chains that 

become what we know of as ñlife.ò  

The element of carbon is a heavy molecule that anchors lighter elements in organic materials. 

Some organic compounds have a combination of carbon, nitrogen, hydrogen and oxygen.  Most 



organic materials are based upon the carbon and hydrogen combination, or hydrocarbons.  

Petroleum products and gasoline that operate our automobiles are an example of hydrocarbons.   

The toxic gases found in homes, such as formaldehyde and benzene are primarily 

hydrocarbons.  Airborne indoor dust particles, like dander, hair, dust mite feces, etc are based upon 

organic material, generally associated with the lipid group. And of course, bacteria, molds and 

viruses are made of carbon-based amino acids and DNA molecules.  Thus, contaminates polluting 

our homes are almost entirely organic or carbon-based compounds.   
 

The Prob lem is the Lungs  

Sensitive Tissue: If something hazardous is ingested into the human stomach, acids and 

other chemicals can destroy them; however, this is not the case for the human lungs.  Our lungs 

contain some of the most sensitive tissue in the human body.  There are no acids or other chemicals 

to break down potential hazards taken into the lungs.  

The ñair-sackò tissue of the lungs and blood capillaries are meshed closely together in order 

to efficiently and quickly absorb oxygen into the bloodstream. Airborne carcinogens can likewise 

be absorbed into the lung tissue rather easily. 

In the nasal area there are cilia (hairs) and mucus membranes, designed to capture airborne 

particles before the lungs; however, the collection of any contaminates in the nasal mucus may 

itself become a source of an allergic reaction.  

Antibodies can counter-attack 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 the lungs 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 breathes 22,000 times a day!  This constitutes an enormous volume of air 

passing through the lungs. In addition, the weight of the air taken into the lungs is about seven 

times the weight of the food eaten in a 24-hour period for most 

humans! 

We Live Indoors: As human beings, we now spend up to 

95% of our time inside our buildings, where we breathe these 

higher levels of indoor contamination. 

In summary, we have body tissue within our lungs that is 

especially susceptible to airborne contaminates.  To make 

matters worse, we unintentionally load the air with hazardous 

organisms and toxins, and then breath these contaminates in at 

an incredible volume. 

Categories of Airborne 
Contaminates 

 

There are three very broad categories of airborne contaminates: 

1. Allergenic Particulates (commonly called ñhouse dustò) 

2. Volatile Organic Compounds (gases & toxins called VOCôs) 

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 we, as humans, produce.  



If we were to take a scraping of house dust from the central air filter and put it under the 

microscope, weôd be a little surprised. Most of us think of dust in the home as being natural-- 

something like sand granules.  But that is not 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 

small particulates.   Thus house dust is the by-product of our existence, based upon organic 

(carbon & hydrogen) compounds.   

Volatile Organic Compounds (VOC)  

Almost every physical product that is within our homes is based upon man-made 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 petroleum-based products. 

All  chemicals, over time, tend to break down or decay at the molecular level. They have 

certain level of volatility (some more than others).  Organic compounds tend to decay much faster 

than non-organic materials.  

As organic materials break down, they form gases and fumes. These gases are referred to as 

Volatile Organic Compounds (VOCôs). The middle word of the phrase being organic indicates that 

organic molecules are associated with airborne contaminates. VOC fumes and toxins become part 

of the air stream that 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 margin (4 ï 5 time and in some cases, up to 100 times).  

Residential indoor levels of many volatile organic compounds tend to be especially high.  Many 

VOCôs have been linked to a number of diseases and ailments.  Some of the more common are 

listed below: 

1. Increased risk of cancer 
2. Neurological disorders 
3. Eye irritation and damage 
4. Respiratory damage and distress 
5. Increased risk of heart, liver, kidney, and nervous system damage 
6. Anemia 
7. Depression 
 

As the next two figures illustrate, volatile chemicals can be found in a whole range of home 

building materials, including roofing, siding, framing materials, vapor sheeting and paints, 

insulation, foundation sealant, sub-flooring & underlayment, floor coverings, cabinets, wall 

paneling, paper and boards, adhesives & caulking, weather-stripping, paints, varnishes and waxes. 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This next chart illustrates how combustion appliances contribute to indoor carbon 

monoxide (VOC) gases.  This chart refers to home furnaces, water heaters and fireplaces. 

 

 

 

 

 

 

 

 

 

 

 



 

                                                                          

Biological & Micro -organisms  

The World Health Organization (WHO) estimates that 12 million deaths per year result 

from airborne-transmitted diseases such as: acute respiratory infections, tuberculosis and measles.  

These numbers pale in comparison with the number of people who lose time at work and school or 

whose quality of life suffers from allergies, asthma or viral infections such as the flu (influenza), 

measles or the common cold.  

 
 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A cubic yard of the atmosphere can contain hundreds of thousands of bacteria, viruses, 

fungal spores, pollen grains, lichens, algae and protozoa, 99 percent of which canôt be seen without 

a microscope.  A ñgoodò sneeze expels over 10 million germs.  Dr. James Hughes, director of the 

National Center for Infectious Diseases, states: ñInfectious diseases are the third leading cause of 

death in the U.S. and the leading cause of death worldwide.ò 

One of the major health concerns in medicine is how quickly dangerous microorganisms 

can mutate. In the last two decades more than 30 aggressive new diseases have been discovered. 

Many are antibiotic resistant. As Dr. Hughes says: ñA brand-new generation of bacteria can 

appear in just 20 minutes.  Microbes have evolution on their side.ò 

 
 

 

 

 

 

 

 

 

 



Broad Categories of Microbes  

 

There are fundamentally three groups of microbes in the 

indoor air stream: 
 

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

2. 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.  

3. Allergens: mold, bacteria, pollens and dust mite 
byproducts causing mal adjusted human immune system.  

 

Groups of Organisms Contaminating the Air  

 

There are four very broad types of microorganisms that contaminate the surrounding air -- 

directly and indirectly: (a) 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 ñfungi.ò  Fungi are characterized as being part of the plant family. There 

are thousands of varieties in the fungi family. The most common household molds are 

Cladosporium, Penicillium and Alternaria. Those molds that are less common, but can produce 

lethal airborne toxins, are Aspergillus versicolor, Memnoniella and Stachybotrys.  

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 microns One-micron equals one 

millionth of a meter -- 25 microns are equal to one-one-thousands of an inch!  

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 flourish, they give off three types of 

byproducts. These contaminates are: 

 Fungi and mold spores. Spores are, in a sense, ñseedsò from these micro-plants that ride the 

air currents to new food sources and growth opportunities. Spores are considered to be an 

allergen.  

 Enzyme filaments (mycelium): mold debris secretes enzymes, which can digest carbohydrates 

and proteins. When these filaments go airborne, they also can be aggressive allergens. 

 Toxic Gases: As molds ñdigestò organic foods, they release gases (formaldehyde, hexane, 

benzene, etc.) into the air, which can be lethal to humans. These airborne toxins are called 

mycotoxins.  Stachybotrys mold produces especially dangerous toxins that can cause flu-like 

symptoms, with headaches, hearing loss, dizziness and even bleeding in the lungs. Death has 

even occurred from Stachybotrys toxin poisoning.  
 

Studies from Harvard, Georgia State and Georgia Tech. suggest that some airborne volatile 

organic compounds blamed on building materials are the result of molds and fungi growing inside 

buildings. 

 We have known for some time that molds produce allergens that are a major cause of 

allergies. New testing indicates, ñAs mold and fungi grow, they give off metabolic gases that 

contain VOC emissions,ò said Dr. Charlene Bayer, principal research scientist and director of 

Georgia Techôs Indoor Environment Research Program.   



Sidney Crow, a biologist at Georgia State University, collected fungi samples from ñsickò 

buildings in the Southeast.  The samples were cultured in a lab and the VOCôs released from the 

microbial broth were analyzed.  ñMany of the volatile compounds produced by cultured fungi are 

identical to those originating from solvent-based building supplies,ò he said, ñthese VOCôs 

include hexane, methylene chloride, benzene, and acetone.ò 

Bacteria 
Bacteria are the most abundant living organisms on earth. Even though bacteria fit into the 

ñanimalò category, they are individually so small that theyôre unseen, except under a microscope. 

Bacteria are 100 to 300 times smaller than fungi!  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 moisture.  Of the ten major infections that kill humans, bacteria 

cause five.   
 

Viruses 
  Viruses are extremely simple life forms and very small -- even 100 times smaller than 

bacteria!  This makes viruses extremely difficult, if not impossible, to detect when airborne. We 

generally know of their presence only by the symptoms they create. 

What is unusual about viruses is they 

have a very simple DNA structure. Their ñcellò 

make-up does not include the traditional DNA 

ñdouble-helixò for cell division.  This means 

they have no metabolic functions of their own. 

Therefore, viruses have no way to multiply and 

grow outside a ñhostò cell.  Only when they 

infiltrate living cells (human, animal, plant) can 

they replicate.  

In a sense, viruses become DNA 

parasites by taking over the DNA cell structure 

of other life formséthen growth commences. 

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 invertebrates.  But two 

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 themselves, but the byproducts 

they produce.  It is 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 fungi and 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, viruses, 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 why inhalants (airborne particles) are one of the biggest concerns 

for our health and well-being.  

 

IAQ Part #2  

Frightening Problems of Airborne Pathogens 
 

When assessing the risks of all indoor contaminates, the biggest risk within the home 

environment are the microorganisms -- bacteria, molds and viruses.  Most other types of 

contaminates usually offer less risk.  However, in specific conditions, heavy concentrations of 

VOCôs could be more dangerous than microbial infestation. For example, a cracked furnace heat 

exchanger can produce airborne carbon monoxide poisoning.   

In a typical home, however, the microorganisms are normally of greater risk.  Biological 

organisms present a complex problem: they continuously grow and multiply, demanding control 

solutions that are permanent.  The following sections will help you to understand how these 

microorganisms live and how they affect all of us.  
 

Airborne Bacteria & Viruses  
 

It has been only recently that the science of ñAerobiologyò (the study of life forms in the 

atmosphere) has drawn much attention.  As the result, little is known about organisms that live in 

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 that epidemics of TB, chicken pox and gastric infections 

can roam through hospital rooms with impunity, apparently through the circulating air.  Mark 

Sawyer, University of California, San Diego, succeeded in detecting (using complicated, 




