Why Good School’s Air Goes Bad

(Hint: It’s hiding in the air conditioning system)

Why do perfectly health kids, teachers and staff go to school only to mysteriously:

· experience asthma attacks, 

· have allergy reactions, 

· break out in hives, 

· have trouble breathing, 

· get runny noses, 

· have chest tightness and 

· headaches?  

Many teachers, student and staff are forced to take medications just to cope while in school with some mysterious toxin that is causing their illnesses and medical symptoms. What is behind this “complicated” mystery? Mold. Airborne Mold.

The Cooling Coil Mold Cycle is the key to understanding excessive indoor airborne mold. What causes cooling coils to become mold generating machines and how they can be eliminated are the key points of this article. 

Cooling Coils are really stealth filters.

Air filters act on the principle that they are the sacrificial component of your indoor air purification system.  Proper air filters can remove airborne bacteria, mold and viruses before you breathe them into the deep recesses of your lungs. High efficiency air filters are designed to capture 99.99% of airborne bacteria, mold and viruses thus preventing these super microscopic particles from bypassing your own internal air filtration system and stealthily penetrating into your lungs and then jumping into your bloodstream with the oxygen you breathe. 

Everyone knows that you need to regularly change your air filters.  What few people know is that since your cooling coil also acts as a filter it should be removed and replaced regularly also.  Removing a cooing coil can be expensive and requires a trained technician. It also requires both a full system shut down and all the fluid or gas in the system must be removed. Therefore, it is rare that cooling coils are ever removed until they fail. 

Professor Siegel of University of Texas at Austin proved in his 2001 Lawrence Berkeley Lab paper that cooing coils are very good at trapping and holding airborne particles. He showed that cooling coils hold particles on the surfaces deep within the recesses of their fins and tubes.  These particles impact and stick to the huge surface areas of the cooling coil. Since airborne mold, bacteria and viruses are constantly moving through and impacting cooling coil surfaces, it becomes a reservoir for these living germs.  So, just like an air filter captures airborne particles and germs, so do cooling coils. 

Wet Cooling coils are even better “air filters”

The huge myth is that cooling coils are “dirty”.  Most dirt is unable to efficiently stick to surfaces after it becomes over 2 or more layers thick.  Without getting into advanced surface boundary layer physics, the key principle to explain how particles can efficiently lock onto a surface is the surface “stickiness” or adhesion factor. Cooling coils change their surface adhesion factor when they become cold and start condensing airborne water (also known as humidity).  Condensation transforms cooling coil’s smooth metal surfaces into thousands of microscopic ponds.  Water is very efficient in trapping airborne particles.  

The perfect analogy to explain dry and wet cooling coil surfaces is to imagine skipping a smooth pebble over a perfectly smooth metal parking lot.  It will travel an incredibly long distance before coming to a stop, right?  Well, try that same experiment with a layer of water over that smooth metal; now the stone will skip maybe 5-7 times (or whatever) over the surface before being quickly stopped by the friction of the water surface.  This exemplifies how mold and all airborne germs or particles are so efficiently trapped within condensing cooling coils.

Mold is the perfect cooling coil invader.
A quick aside here to give you some background on mold and its ubiquitous spores: Mold reproduce by launching millions of spores into the air. These airborne invasions are similar to the seasonal “carpet bombing” of seeds (pollen) that trees, grasses and weeds produce and you see when they blanket your car surfaces. Park this image for later.

When a mold spore enters the phalanges of the cooling coils surfaces now covered deep with condensing water, it is captured just like other particles. However, here is where the miracle of life and mold’s ability to regenerate literally explodes on a microscopic level. Mold plus water an amazing growth event. Mold spores enjoined with water literally explode with life and grow like vines over the surface. In Spiderman 3 there is a scene where the invading lifeform from outer space attaches to Peter Parker’s body. It envelops him by first landing on his feet and then marching up and covering his entire body with its tentacles of life.  This is what mold does on a microscopic level when it invades the cooling coil surfaces.

Mold’s ability to invade and efficiently infest cooling coils when they are condensing water is exponentially increased by mold’s innate ability to excrete a sticky enzyme that allows it to grip a surface.  Just like the way Spiderman’s web sticks to surfaces, mold’s ability to adhere to a surfaces when 500 feet per minute winds are gusting over it, explains it’s unique ability to infest air conditioner coils more efficiently that any known substance. 

Cooling coil’s 7 layer mold sandwich 

Mold’s cooling coil infestation can eventually add up to many layers depending on both the available condensation water and airborne food supply. Remember that sticky enzyme that mold excretes? It acts just like a spider’s web’s stickiness and traps airborne food sources like bacteria, skin flakes and paper & carpet fibers.   

Mold infestation is like a triple-decker sandwich that just keeps going.  The mold is the bread and the peanut butter and jelly are the food sources.  Layer one-condensation water allows one layer of bread (mold) to form the base.  When you dollop on the PB & J (airborne food sources) you have another layer. The mold chows on that until another mold spore impacts it. Condensation water is everywhere in the “swamp” and so the mold spore forms another layer like your sandwich bread.  Airborne food sources land and are trapped by the mold like the new layer of PB & J and the cycle goes on until it’s about 7 layers thick!

Grow, blow & go.


A fascinating thing happens when mold hits that magical 7 or so layers thick level-they can’t easily keep grip and eventually will blow off into the airstream.  After mold has grown about 7 layers thick, the combinations of:

1. less available condensation water and 

2. fan generated winds blowing by @ 500 feet per minute 

will blow off layers of mold into the airstream, which is known as “entraining” the mold into the passing air. 

Entrained mold from cooling coils explains why cooling coils are the hidden mold machine in air conditioning systems and is a major cause of Indoor Air Quality problems.  A published paper in the Journal of Applied and Environmental Microbiology in 2001 addresses the coil generated entrained mold phenomenon. 

Scientists determined how much mold was living on the insulation surfaces downstream of the cooling coils in order to determine how much mold was entraining into the air as a result of cooling coil mold infestation. In May 1997 they took mold samples of two separate air handling units known as A.H.U.  (AHU’s are large air conditioning boxes which contain the cooling coil).  Scientists then had a testing laboratory determine mold levels within the AHU’s on two separate floors of a Tulsa office building. 

In May, both AHU’s had about 212,000 mold colonies growing on a small section of the insulation. They then placed Ultraviolet lights on the cooling coils of one AHU and nothing on the other.  In late September they reanalyzed the mold levels in both AHU’s insulation and the results astonished the scientists: The mold levels had dropped 90% in the UV sterilized AHU to merely 30,000 but had exploded from 211,900 to 2,240,000 in the untouched unit. The untouched AHU without Ultraviolet irradiation had 2.2 million more mold colonies than the UV sterilized AHU coil.

This experiment attests to how fast and furious mold grows within an AHU fed by the cooling coil condensation capture filtration. The entrained mold flying off the cooling coils was directly responsible for the quantum increased levels of impacted mold on the insulation downstream. It’s clear evidence of the “mold machine” effect that cooling coils can have in the cooling season.

This is the clearest explanation for why mold is “growing” on the desks during August and September in Poolesville High School. Washington’s high June, July, August and September humidity levels exacerbate the volume of condensation water on the cooling coils.  Yet the mold that blankets classrooms at PHS is not “growing” on the desks.  It first grew on the cooling coils and on the downstream insulation.  When it got too thick after several months of growing, the top layers entrained into the ducts and then into classroom air where it “rained” on all the horizontal surfaces. Since floors are cleaned more often than desks are wiped down, you’ll see the mold dusting the desks more clearly. This is just like the pollen that lands on cars and we see it there because of the smooth surfaces.

However, make no mistake, mold spores and/or formed colonies don’t land on the desks and start growing only in August because of high humidity as has been previously proffered. The humidity was just the gasoline that made the mold fires burn faster.  The humidity produced more cooling coil condensation which generated more mold growth inside the petrie dish of the cooling coils surfaces.

Here’s the scary part

The scary part is that before the airborne mold precipitated out of the air and landed on the desks, it was in fact airborne.  Students, teachers and staff breathed in these huge volumes mold colonies before they landed on the desks. Using 8 liters per minute as a resting breathing rate, PHS occupants breathe an average of 3,840 liters of mold infested air per day. That translates into millions of mold colonies that PHS occupants breathe everyday in air conditioning cooling season. 

If you aren’t already humbled by mold’s ability to survive and flourish on cooling coils, here’s another moldy fact-molds rarely “die”, they just go into to hibernation or dormancy.  That’s what happens in the Tulsa study.  Remember the 2,200,000 mold levels in September?  Well, once the air conditioner is retired in October, the condensation levels in the cooling coils literally evaporate. They recede to zero and mold no longer has a water source to multiply.  This means that mold will eventually dry up or “desiccate” and then the top layers will peel off one by one until they are back to the 213,000 level by May.  Therefore, during the winter you’ll also be breathing these dried up mold colonies which still can make you sick.  

Mold as a seed ejection machine 

Another mold survival phenomenon occurs when molds stop growing-they eject millions of spores (seeds) into the air in order to have them hunt for the next place to hang their hat.   Mold under stress have been documented to release spores on a massive scale.  Knowing that their time may be limited, it is their way of continuing life.  More spores can easily enter human lungs and mold spores have been shown to carry toxins on them which can impair the human immune system.

Humidity is not the real problem

Humidity by itself in the air is not the explanation for the problems in Poolesville High School’s IAQ which others have offered. No one has ever gotten sick and had to take medication for too much humidity.  A medical fact aside: your own body will humidify the air you breathe in to 100% humidity before it reaches your lungs.  That’s mucus’ function in your reparatory system.  

The real problem is that the cooling coils at PHS have not been “cleaned” in Three years.  That’s abominable at best, especially to anyone who understands both cooling coil mold infestation and the detrimental effects that mold can have on human health.  In addition, because PHS does not have filters that are able to capture recirculating mold, this exacerbates the IAQ situation even more and explains why teachers, students and staff at PHS are sick.

What can be done?

The solution to preventing cooling coil mold infestation is using ultraviolet lights and high efficiency filters.  If the coil is already mold infected, then a combination of cleaning solutions and banks of ultraviolet lights can be used to clean and sterilize the cooling coils.  The success stories of schools and office buildings where these methods have been used will be the discussed in my next article.
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