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» 40 million people in North-America have 

respiratory problems 
» 50 million people in North-America have 

allergies 
» 31% of building occupants complain about 

bad odors 
» 23% of the population are smokers 
» Buildings are more air tight 
 
Sources: 1.American Lung Association 2.American 

College of Allergies 3 &4 Honeywell Consumer 
Products 5. Center for Disease Control & 
Prevention 

INDOOR AIR QUALITY 



When designing for BUILDINGS :  
 

ideal OUTDOOR conditions were used as the reference 

Temperature 

•Humidity 

•Light 

•Ventilation 
 



Ventilation criteria: O2-CO2 balance 
 

1 CFM per person  
is sufficient for  

Breathing 
 

Sugar + O2  ETPA + CO2 + H2O 

INDOOR AIR QUALITY 



VENTILATION HISTORICAL OVERVIEW 
       CFM/pers 
 Tredgold (1824)   =   3 
 Billings (1893)       =   30 (60 for TB) 
 21 State Code(1915) =  30 
 ASHRAE (1973)    =    10  
 ASHRAE (1981)  =  5 (60 for smokers) 
 ASHRAE (1989)  =  15 
 
 

INDOOR AIR QUALITY 



What is in the air? 
 

Nitrogen = 78.1 %   
Oxygen = 20.9% 
Argon = 0.87 % 

 
Water = 0 – 3.5%  

Carbon Dioxide = 300 ppm ( 0.03 %) 

INDOOR AIR QUALITY 



What ELSE is in the air? 
 

Solid: particulates, pollen, dust 
 

Chemical : VOC, Solvents vapours, formaldehyde  
 

Biological: Molds, viruses, bacteria 
 

INDOOR AIR QUALITY 



 Indoor air contaminants  

Particulates 
 
 
 SOLIDS 

Bacteria 
 
 

BIOLOGICAL 

Toxins 
 
 

CHEMICALS 

INDOOR AIR QUALITY 



Bacteria are sources of odors : 
Two (too) well known examples: 

 
1 - Sweat 

2 - Bad breath 
 

Prevention                  Anti-bacteria products 

INDOOR AIR QUALITY 



Is it possible to control odors with more ventilation ? 
 

Yes, but... 
 

 Given the exponential reproduction rate  
of a colony of bacteria, 

the required ventilation rate becomes quickly cost prohibitive  
or simply unfeasible. 

Germicidal Effect of UV 



THE QUESTION? 
 

How to control the concentration level  
of bacteria inside buildings ? 

 
 

Germicidal Effect of UV 



Which brings another QUESTION 
 

What natural mechanism controls  
the level of bacteria  

in outdoor air ? 
 
 

Germicidal Effect of UV 



 
 or…everything you always wanted to know about the sex life of 

bacteria but were always afraid to ask !  
 Short life span means that  
they need to reproduce fast :  

No time to fool around ! 

 Blue print required for reproduction: DNA 

Germicidal Effect of UV 



DNA  molecules are very sensitive to UV 
radiation in the range of 250 to 280 nm 

wavelength 

Germicidal Effect of UV 





 
 Infra-red   > 700 nm 
 Visible light  400 – 700 nm 
 Ultraviolet   < 400 nm 

Germicidal Effect of UV 



Ultraviolet             Wavelength   
UV - A   315 to 400 nm  
UV - B   280 to 315 nm  
UV - C   200 to 280 nm  
UV - V    100 to 200 nm 

  

Basic UV Refresher 



 
 
 

 

Natural UV Source : The Sun 

WHAT DOSE 
OF UV Germicidal Energy  

does bacteria living 
OUTDOORS receive? 





3- Effect of natural UV on OUTDOOR air  



 
 

DAILY germicidal UV DOSE 
received by bacteria living  

in OUTDOOR AIR:  
19,189 microwatt.sec/cm2 

 

 

Natural UV Source : The Sun 





4 – Air Purification Techniques : Where does UV Fit In? 
 

 
 



WHY is there no UV INSIDE BUILDINGS ? 

WINDOWS are UV filters  
VISIBLE LIGHT goes through 

But not UV light 

4 – Air Purification Techniques  
 



4 – Air Purification Techniques 

BASIC CONCEPT:  
Add UV source  
inside buildings 

 1- UV irradiation of INDOOR AIR  
• Destruction of Bio-contaminants (bacteria, molds, etc)

   
• Elimination of their associated odours 
 
  
2- UV irradiation of surfaces (objects) 
• Sterilisation of heating and cooling coils 
 





4 - UV DOSAGE INSIDE BUILDINGS 

 
UV dose  =  INTENSITY   X   Time 

( Joule/cm2)              ( watt/cm2)         (sec) 
 
 

If UV dose  > LETHAL dose   
 reproduction is stopped 

 
 

NOTE: process similar to pasteurisation : 
Temperature  x  Time 



Familiar With UV? 

• Our Sun produces UV energy which naturally destroys biological contaminants in     
   the atmosphere.  
 
• UV-C Light attacks microorganisms on a molecular  
  level mutating the DNA of the cell. 
 
• UV Has been used for many years in water treatment. 
 

• If you are familiar with UV Water Treatment, the  
  principles for treating moving air are the same. 
 

• You may be familiar with UV Air Purifiers on the market. 

 

• They appear to be very similar. 

 

• They may vary in number of lamps. Some have 1, 2 even 4 

  UV Lamps. 

 

• Excellent Object Purifiers but NOT very effective Air Purifiers. 

 Example of a UV Water Purifier 

UV Air Purifiers on the Market 





• Some manufacturers promote that their one and two lamp Probe purifiers  

  will treat the entire  volume of air passing through the duct at one time. 

This is an example of a competitors  

suggested treatment area. 

• Unfortunately, that could not be farther from the truth. According   

  to the Lamp Manufacturers, efficiencies DROP very quickly the  

  further from the Lamp surface you move. 

 

• At just 2” from the surface of the glass, the UV efficiency has  

  already dropped 80% and the decline is exponential. 

 

• This is true for all types of UV Lamps, from cold cathode to hot  

   cathode, soft glass to quartz glass. 

• Manufacturers who promote that their one and two Lamp Probe Purifiers will purify the entire  

  duct are in reality only TREATING A VERY NARROW BAND OF AIR that travels by the Lamp.  

**The 2” Rule is the reason why the “J” Lamp is mounted                                                              

inside the Aluminum Reflector Tube. The purifier will         

maximize the UV Energy which would otherwise be lost in the 

duct-work.  

• As will be discussed, even that narrow band of air is not being  

  treated adequately because the air is moving much too fast in  

  the duct to receive the proper UV dosage. 

The Two Inch Rule 



• Finally, to increase the dwell time (the time the contaminant is in contact with the UV Energy), the  

  purifier is mounted parallel to the air-stream not perpendicular, maximizing the time the contaminant  

  is in contact with the UV lamp. 

 

• If properly delivered, UV Irradiation can be a very efficient method for air purification. The use of the  

  Turbulator, Aluminum Reflector Tube,  

  “J” Lamp and placing the unit parallel to  

  the air-stream are the “tools” needed to  

  maximize the UV Energy. 

Parallel = Increased Dwell Time 

Perpendicular = a fraction  
             of Dwell Time 

Dwell Time 

The air spends 2400% MORE TIME in 

Contact with the UV Energy than does a  

Probe Purifier. 



Contaminated air 
enters parallel to the 
UV lamp increasing 
contact time with UV 
energy 
 
The turbulator spins 
and mix the air around 
the UV “J’’ lamp 
 
The UVV Oxidizing 
section of the lamp 
destroys chemicals 
and odors 
 
 
The UVC section of the 
lamp then destroys the 
biological contaminants 
 
 
The aluminum reflector 
chamber directs the 
UV energy for optimal 
purification 
 
The treated air then 
recirculates through 
the home 

EAGLE Air Purification system  
 



EAGLE Air Purification units  
 

Whole home EA+  and  E+ 
-Easy to install, self diagnosis 

-3 years « no question » warranty 

EA+ E+ ELITE 



EAGLE Object- coil Purification 
 

STAR - 24/110V 
 
• 16" UVC Coil Cleaner destroys mold & their associated odors on coil 
• Improve energy efficiency 
• 3" LCD Display provides important user information 
• 1 year warranty including UV Lamp 
• Optional Remote Kit available 
FREE SECOND UV LAMP INCLUDED 



-   Installed as per specifications, EAGLE units are safe 
and approved by CSA/ULC/ETL 

 
-   There is only one safety concern and it is written on 

each unit : 
 
CAUTION :“Do not expose eye or skin directly to the 

ultraviolet lamp.” 

6 – SAFETY CONCERNS 



A two year Double Blind 
Study on Sick Building 
Syndrome using 
Sanuvox Ultraviolet 
Purifiers Published in 
The Lancet Medical 
Journal. 
 
Department of 
Epidemiology and 
Bio-statistics of  
McGill University 

Dick Menzies MD MSc1, 
Julia Popa BEng MEng,  
James A Hanley PhD, 
Thomas Rand PhD, Don 
Milton MD DrPH. 

Montreal, Canada – In a study published in The 
Lancet Medical Journal, McGill University 
scientists found that shining proprietary 
Ultraviolet Purifiers on the air conditioning coil 
reduces over all sickness by 20%, reduces 
respiratory symptoms by 40% and has resulted 
in a 99% reduction of microbial and endotoxin 
concentrations on irradiated surfaces within the 
ventilation system. 

6 – Results from Studies 





CONCLUSION:  
emulating outdoor conditions to design healthier buildings 

Ventilation  
has been used to control  
the concentration of  CO2 

 
Ultraviolet sources 

 will be used to control 
the growth of bio-contaminants  

and their odors generating toxins 


