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S
ince the influenza virus lives happily in pigs and large birds 
like ducks and chickens, for as long as we’ve lived near them 
we’ve swapped mutated flu viruses that can also infect us 
humans. As a result, influenza epidemics have swept across 
the world for thousands of years. Recorded flu pandemics 

started in 412 B.C., when Hippocrates described its impact in his 
book Of the Epidemics, and the first accepted pandemic by experts 
was in 1580.1 There have been seven “modern” documented flu pan-
demics in the last 350 years: 1729, 1781-2, 1830-3, 1889-90, 1918-19, 
1957-58, and 1968, and now we are recording 2009-10.

HOW YOU SPEW FLU
If you’re infected with the flu, each time you breathe, cough, sneeze, 
sing, or talk, you spew out airborne mucus/saliva droplets filled with 
viruses called virions.2 A critical factor in efficient airborne human flu 
infection is the impact of low grain moisture indoor environments, 
which force the mucus/saliva shell surrounding the virions to evapo-
rate faster, creating “droplet nuclei.” The small droplets that become 
airborne droplet nuclei are created in less than a second and can stay 
airborne and survive for hours or days within indoor air spaces.3,4 

HERE’S HOW VIRIONS ACT IN THE AIR
Because it is so small, once a virion is launched, dries out, becomes a 
droplet nuclei, and is airborne inside a building, the following forces 

work together to keep it afloat for hours until it plates out on a surface 
or is inhaled by one of us:

• People movement
• People breathing, sneezing, coughing, talking, and singing
• Heat plumes from people
• HVAC fan created air currents
• Air temperature thermal differentials
• “Stack effect” air movements

The science of in-room air mixing clearly demonstrates just how 
air movements allow airborne virions to catch a ride on these invis-
ible currents just as fish do on ocean currents. If you had electron 
microscope glasses, you’d see a cavalcade of invisible virions, bacteria, 
fungal spores, and other debris floating effortlessly on these invisible 
currents around you right now. I use a laser particle counter instru-
ment to document these microbial objects, and I regularly find one 
million airborne particles 0.3 microns in size indoors. Sometimes I 
find five million or more. 

HOW DOES OUR BODY PREVENT AIRBORNE VIRIONS 
FROM HARMING US?
Whether or not you drink your eight glasses of water every day, you 
have to breathe 40,000 glasses of air each and every day. Your respira-
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OK, the author knows that’s not what the college recruiting brochures said back when you attended 
your bastion of higher learning, but that may change very soon. There is enough solid science 

available to back up the claims that controlling IAQ can, in fact, save lives. We focus on the airborne 
germ du jour — influenza — in order to illustrate how your decisions on controlling the indoor air in 

your clients’ buildings can be critical to health and life preservation. 
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HUMIDITY IS TOXIC TO AIRBORNE FLU
The connection between low grains and airborne flu survival and 
transmission becomes even stronger when you convert earlier air-
borne survival rate experiments done in the 1950s, ’60s, and ’70s. 
I converted those results into grains of moisture, and low grain air 
infection rates synch up with earlier airborne influenza survival 
experiments, which saw high flu survival in low grain air conditions.

The Mt. Sinai scientists were part of a long line of scientists 
who never connected relative humidity at different temperatures 
with variable levels of grains of moisture. It’s no wonder they were 
baffled by low airborne survival at 70° and 50% rh, because you 
have a whopping 55 grains of moisture. Whereas at low tempera-
tures (40° to 45°) and 50% rh, airborne flu virions were surviving 
due to a low 20 grains of moisture environment. 

AIRBORNE TRANSMISSION ‘ZONES’
When I compiled the airborne guinea pig data along with the earlier 
airborne virion survival experiments, I found that indoor conditions 
above 45% rh and 70° (50 grains) lower airborne flu virions survival 
times in order to infect less people. I constructed a graph with four 
different transmission condition zones to reflect these results. The 
green zone has 50 plus grains of moisture, and thus lower airborne 
virion survival/transmission. The orange zone has “medium” airborne 
virion survival/transmission rates (26 to 49 grains), with infection 
increasing within the “high” yellow zone (11 to 25 grains). The red 
zone has the most ideal conditions for airborne flu survival/transmis-
sion, with conditions below 10 grains of moisture (Figure 1). 

AIRBORNE VIRUS SCIENCE HAS LANDED IN THE 
REAL WORLD
If you’re wondering where the evidence is of airborne flu virions 
in the real world, here’s your proof: the CDC’s NIOSH (National 
Institute for Occupational Safety & Health) documented (for the 
first time) that airborne flu virions were not only present in human 
occupied indoor air spaces, but in astonishing quantities.10 They 

trapped and identified 15,000-16,000 airborne flu virions in three 
rooms within a West Virginia Hospital in February 2008. The break-
through was threefold: 
•  They used a novel three-stage air sampling device created by 

NIOSH that could filter out all the other interfering airborne 
microbials like fungi, bacteria, etc., in order to isolate microscopic 
influenza virions.

• Advanced PCR (DNA) lab testing methods determined that they 
had trapped these levels of airborne influenza virions in the follow-
ing locations:

•  16,278 influenza virions in the emergency waiting room at 6 ft.
•  15,065 influenza virions in the children’s waiting room at 3 ft. 
•  15,532 influenza virions in the emergency waiting room at 3 ft. 
•  460; 1,114; 1,367; 4,623; and 5,762 virions in waiting rooms at 

3 ft and 6 ft.
•  In addition 309; 3,160; and 4,623 virions were captured by per-

sonal airborne flu virion samplers worn by physicians with tubes 
positioned near their mouths and nose levels (i.e., their breathing 
zones).

HOW DID ALL THOSE VIRIONS STAY AIRBORNE? 
The most important factors allowing NIOSH to trap all those flu 
airborne virions were:

•  It was done in February, so it was the height of flu season, with lots 
of flu-spewing infected people coming into the hospital. 

•  The average temperature of the rooms was 74.3° with 30% rh or 38 
grains of moisture. This is right in the medium airborne survival/
transmission zone, supporting longer airborne virus times (Figure 
1).

Even the NIOSH scientists were taken with the high airborne virion counts 
when they commented, “More than one half of the viral particles detected 
by PCR (DNA testing) were within the respirable aerosol fractions (diam-
eter less than 4 microns), and these results support the hypothesis that 
influenza virus can be transmitted through the airborne route.”

AIRBORNE VIRIONS AND GETTING THE FLU
Here’s why the NIOSH results really blew me away: earlier studies 
found that it took only 1 to 3 flu virions11 to make healthy volunteers 
sick! That’s why flu epidemics can propagate so quickly within ideal 
conditions. With 15,000 flu virions floating around, do the math and 
you’ll appreciate impact of airborne flu transmission. 

THE DEW IS IN YOUR CORNER
Now, for the first time you can advise your clients about the impact 
that indoor relative humidity and temperature can have not merely 
as a comfort issue, but as an occupant health issue. I recommend 
that you humidify indoor spaces to 45 grains or more with 50 
grains and above putting your clients in the green low-survival/
transmission zone. This can also reduce the drying out of occu-
pant’s mucus membranes, which will keep these important virus 
trapping mechanisms in their fully functional state. I’ve taken 
readings in schools and buildings with 20% rh levels in the winter, 
which at 68° is a low 20 grains of moisture. These levels put those 
school occupants at great airborne virion transmission risk as they 
are in the high-survival/transmission zone. 

PPaalleessee ccrreeaatteedd aa sseett ooff 
bbriilllliianttllyy ssiimppllee eexxpppeerriimmeennttss:: 
iiinnnfffeeecccttt fffllluuu--sssuuusssccceeepppptttiiibbbllleee GGGuuuiiinnneeeaaa 

pppiigggss wwiitthhiinn ddiiffffeerreenntt 
ttteeemmmppppeeerrraaattuuurreeesss aanndd rreellaattiivvee  

hhuuummiiddiittyyy eennvviirroonnmmeennttss. SSiinnccee 
iinnffeecctteedd GGuuinea ppiggs can’t 

ssssnnnneeeeeeeezzzzeeee,, ccccoooouuuugggghhhh,, oooorrrr sssshhhhaaaakkkkeeee tttthhhheeeeiiiirrrr 
pppaawwss wwiitthh nnaaïïvvee (((hheeaalltthhyyy)))  oonneess,,, 

iiittt’sss ooonnnlllyyy ttthhhrrrooouuuggghhh nnnooorrrmmmaaalll 
bbbrreeaattthhhiiinnggg ((((ttthhhiiinnkkk  aaiiirrbbboornee 

tttrrraaannnsssmmmiiissssssiiiooonnn))) ttthhhaaattt ooonnneee fffllluuu-
iiinnnfffeeecccttteeeddd GGGuuuiinneeaa ppppiigggg ccoouulldd iinnffeecctt 

a naïve one. 
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CONSERVING HUMIDITY FOR HEALTH
A new way to look at latent energy recovery is that it can conserve 
indoor humidity levels in order to raise grains of moisture that would 
otherwise be thrown out of the building. Now with your newly 
empowered knowledge base of how grains of moisture impact air-
borne virion transmission, you’ll be able to inform your clients about 
the health impacts that latent energy recovery can have by reducing 
airborne virus survival and transmission conditions.

AVOID BAD DEW
Whereas controlling summertime indoor humidity is focused on 
wringing out latent heat, increasing low wintertime humidity is more 
complex. The strategy of adding humidity can in many cases bring 
more problems. Keeping insulation dry is critical as I’ve seen too 
many cases of adding humidity which ends up over-saturating down-
stream duct areas leading to mold and bacteria growth. Determining 
the best equipment to efficiently aerosolize humidity droplets into 
the smallest size possible in order to avoid droplets plating out on 
plenum and duct surfaces is critical to denying mold and bacteria a 
food source to promote their growth. 

THE FINAL AIRBORNE WORD
I’ve focused on airborne virus transmission and how the available air-
borne grains of moisture influence virion creation and survival. I hope 
you’ve got a better understanding of why there is an annual flu season 
and how the ambient grains of moisture conditions during the flu season 
can have a profound effect on building occupant’s health. Consider going 
back to your clients and educating them on the benefits of wintertime 
humidity control. Better yet, look at your own working space and dial that 
up to a 50 grains standard; the life you save may be your own. ES

Welty is a specialist in airborne and infectious dis-
eases and HVAC energy efficiency and president 
of Green Clean Air (Reston, VA). He uses computer 
modeling to design airborne infection control sys-
tems using UV light and MERV filters. Reach him 
by e-mail at steve@GreenCleanAir.com.
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