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Awareness

It doesn’t take more than a cursory glance at 
newspapers, trade journals, or newscasts to recognize 
that mold has become an issue of public concern. With 
headlines such as “Black Mold Closes Elementary School” 
and “Mold Toxins Blamed on Infant Deaths,” fears over 
mold have sparked multi-million dollar lawsuits, crippled 
businesses, and forced insurance carriers, homeowners, 
and landlords to spend billions of dollars in remediation 
and repair costs.



Historically, references to mold go back as far as biblical 
times, with references to the hazards of mold in Leviticus 
13:43. Scientific references to the toxicity of 
Stachybotrys date back to 1930 when livestock deaths 
were attributed to Stachybotrys-infested hay.

While mold was not recently discovered, numerous 
factors influence its new popularity.



The first factor was a perceived association between the 
mold Stachybotrys and clustered incidences of Sudden 
Infant Death in Cleveland, Ohio in 1992. The CDC 
reported that while Stachybotrys and some other molds 
do produce toxins, conclusive evidence was not available 
to link the deaths with mold. Subsequent research by the 
medical community has provided evidence to both 
support and refute the toxic effects of mold exposure.



The second factor was the Melinda Ballard insurance 
claim that resulted in national media coverage, a lawsuit 
against Farmers Insurance Company, and a multimillion-
dollar judgement for the policyholder. While expert 
testimony regarding the health effects of mold was not 
allowed in the trial, punitive damages for bad faith far 
exceeded the actual property damages.



The third and most recent event occurred in the spring of 
2002, with Michigan Congressman Conyers’ introduction 
of “the Melina Bill” (H.R. 5040 referred to as the Toxic 
Mold Bill). This proposed bill has been stalled, but is 
expected to be re-introduced. The Melina Bill called for 
establishing guidelines for mold exposure, disclosure of 
mold and water damage in real estate transactions, and 
licensing of companies that perform mold testing and 
remediation.



•Changes in Building Construction
•tighter envelopes
•porous material
•construction with high moisture content material
•hastily built

•Better Testing Methodologies

•Physician Awareness
•link to previously unexplained illnesses



Mold Science

Mold, or fungi, are neither plants nor animals.

Molds are organisms that contain a nucleus and undergo 
mitotic cell division. They belong to the kingdom of fungi. 
Molds are similar to the plant kingdom in that they have 
the ability to undergo photosynthesis. They differ from 
plants in that they lack chlorophyll. Unlike the animal 
kingdom, molds have no organs for food uptake.



A group of organisms that require an external food 
source, water, and suitable conditions for survival and 
proliferation.

Genus (i.e. Stachybotrys), species (atra)

Molds can be unicellular or multicellular. The cells are 
called hyphae, which are usually shaped like filaments. 
Reproduction can be sexual or asexual. Most molds 
reproduce asexually. Technically, fungal propagules from 
sexual reproduction are termed spores, and those from 
asexual organisms labeled conidia. However, the two 
terms are typically interchangeable.



There are in excess of 20,000 different genera and 1.5 
million species.

Mold spores are generally 2-20 microns in size (a human 
hair is approximately 100 microns). Spores are highly 
adaptive for survival. When food sources run out, a 
fungus responds by switching to reproductive mode, 
resulting in spores. A one-inch diameter colony can 
produce 400,000,000 million spores. The small size 
provides for maximum dispersal, while the hardy cell wall 
protects them from destruction.



Are all molds toxic? Most molds are not toxic. To 
sensitive individuals, they may only be simple allergens.





The presence of fungi on building materials as identified 
by a visual assessment or by bulk/surface sampling 
results does not necessitate that people will be exposed 
or exhibit health effects. In order for humans to be 
exposed indoors, fungal spores, fragments, or 
metabolites must be released into the air and inhaled, 
physically contacted (dermal exposure), or ingested. 
Whether or not symptoms develop in people exposed to 
fungi depends on the nature of the fungi material (e.g., 
allergenic, toxic, or infectious), the amount of exposure, 
and the susceptibility of exposed persons.



Remediation:

In all situations, the underlying cause of water 
accumulation must be rectified or fungal growth will 
recur. Any initial water infiltration should be stopped and 
cleaned immediately.  An immediate response (within 24 
to 48 hours) and thorough clean up, drying, and/ or 
removal of water-damaged materials will prevent mold 
growth.



Four different levels of abatement, excluding HVAC, are 
described in the NYC consensus standard. The size of the 
area impacted by fungal contamination primarily 
determines the type of remediation. The sizing levels 
below are based on professional judgment and 
practically; currently there is not adequate data to relate 
the extent of contamination to frequency or severity of 
health effects. The goal of remediation is to remove or 
clean contaminated materials in a way that prevents the 
emission of fungi and dust contaminated with fungi from 
leaving a work area and entering an occupied or non-
abatement area. 



Level I: Small Isolated Areas (10 square feet or less)

Level II: Mid-Sized Isolated Areas (10–30 square feet)

Level III: Large Isolated Areas (30–100 square feet)

Level IV: Extensive Contamination (greater than 100 
contiguous square feet)



Friend or Foe

Molds are ubiquitous in nature. In and of themselves, 
molds are not “bad.” They do not become a problem until 
they AMPLIFY indoors-causing degradation of furnishings 
and building materials and potentially making people 
sick.

Molds are necessary for ecological balance. Without their 
degradation of organic material, the world would be a 
heap of garbage.

Many molds are necessary for production of foods such 
as bread, beer, and cheeses.

Mold is responsible for healing drugs such as penicillin.



Mold Amplification Indoors

Molds are very successful. They have adapted to building 
materials by developing digestive enzymes to break 
down cellulose. The branching growth tips provide for 
expansion and penetration into various building 
materials. Spores can remain dormant for long periods of 
time and amplify when conditions are suitable.



Growth Requirements

•Nutrients
•High cellulose
•Low nitrogen
•Porous Building Materials are optimum

•Temperature Requirements are the same as for 
people 58°-85°F

•Moisture (limiting factor)



Nutrient Sources:

Construction Materials
Wet insulation
Damp carpets and/or pads
Wet wall coverings
Wood
Paper layer of gypsum board
Latex paints

Personal goods
Cardboard boxes
Cotton clothes
Leather goods
Furniture



Moisture:

Moisture can come from direct impact of water onto a 
substrate (i.e. flood), or from indirect sources 
(condensation). Mold will amplify on cellulose materials 
that remain wet for more than 48 hours.



Potential Hazard:

The presence of mold amplification is evidence of a 
potential hazard.

Cross-contamination should be avoided through 
proactive prevention (containment).

Existing indoor mold and any material with signs of water 
staining should be removed.







Use Common Sense

See No 
Mold

Hear of 
No 

Mold

Smell 
No 

Mold

As Well As All Senses
(Except Taste)



Mold Problems: Could They Threaten the Building 
Industry

Mold growth in buildings illustrates a disconnect between 
the technical wisdom of building science, and its 
practitioners and the economics of the market for hasty 
building construction and operation.

There are currently no laws or regulations in place that 
control the testing, evaluation, and remediation of mold 
issues.  Furthermore, there are no regulations to control 
who can say they are a “mold expert”. The consensus 
standards usually referenced are ACGIH, IICRC, and NYC 
Guidelines noted in the Bibliography.



Faced with the explosive growth of mold related damage 
claims the insurance industry acted to eliminate their loss 
exposure. By adding exclusions for mold, fungus, and 
microbial matter claims, the insurance industry has 
shifted the financial burden for those losses back onto 
property owners, contractors, design professionals, 
suppliers, real estate agents, and lenders. 



Health:
Can Mold Make You Sick

Widely Accepted Health Effects:

2000-Mayo Clinic published a study reporting mold to be 
a major cause of chronic sinusitis.

1999-Institute of Medicine Study included fungi in list of 
asthma triggers.



Allergic reactions are well documented health effects that 
can be attributed to mold exposure. Common symptoms 
can include skin rashes, runny nose, watery eyes, chest 
tightness, breathing difficulties, and headaches.



Infections:

In immune-compromised hosts: Thermophilic fungi 
(those that will amplify at elevated temperatures) are 
opportunistic pathogens that can cause infections in 
individuals with weakened immune systems (diabetics, 
chemotherapy recipients, HIV patients, very young, very 
elderly).



Most people are not affected by exposure to mold, unless 
they are exposed to a lot of mold. Unfortunately, we are 
not quite sure what “a lot of mold” means.  Furthermore, 
we don’t know if “a lot” of exposure to mold for “a brief 
time” is worse than “not so much” exposure for a longer 
time. We’re also not sure what “not so much” means. 
Each person is different; what amounts to a “lot of 
exposure” for some people is “not so much” for others. 
Remember, mold is everywhere; we are all exposed to 
mold every day.



The other part of the problem is that there is no “dose-
response” curve for mold and humans. We just don’t 
know how much exposure to which molds and for how 
long leads to problems. It’s even more difficult when you 
realize that no two people are alike. This question is far 
more difficult than the previous question and it will likely 
take much longer to answer. Common sense tells us that 
“too much” mold for “too long” is a problem for most 
people. Prudent avoidance is the best course of action at 
present.



Facts

•How can mold affect your health?

Most types of mold that routinely encountered are not 
hazardous to healthy individuals. However, too much 
exposure to mold may cause or worsen conditions 
such as asthma, hay fever, or other allergies. The 
most common symptoms of overexposure are cough, 
congestion, runny nose, eye irritation, and 
aggravation of asthma. Depending on the amount of 
exposure and a person’s individual vulnerability, more 
serious health effects-such as fevers and breathing 
problems-can occur but are unusual.



•How can you be exposed to mold?

When moldy material becomes damaged or 
disturbed, spores (reproductive bodies similar to 
seeds) can be released into the air. Exposure can 
occur if people inhale the spores, directly handle 
moldy materials, or accidentally ingest it. Also, mold 
can sometimes produce chemicals called mycotoxins. 
Mycotoxins may cause illness in people who are 
sensitive to them or if they are exposed to large 
amounts in the air.



•What is Stachybotrys chartarum?

Stachybotrys chartarum (also known as Stachybotrys 
atra) is a type of mold that has been associated with 
health effects in people. It is a greenish-black mold 
that can grow on materials with a high cellulose 
content—such as drywall, ceiling tiles, and wood—
that become chronically moist or water-damaged, due 
to excessive humidity, water leaks, condensation, or 
flooding.



•How can you tell if Stachybotrys chartarum is present in 
your home?

Many molds are black in appearance but are not 
Stachybotrys. For example, the black mold commonly 
found between bathroom tiles is not Stachybotrys. 
Stachybotrys can be positively identified only be 
specially trained professionals (e.g., mycologists) 
through a microscopic exam.



•How can Stachybotrys chartarum affect your health?

Typically, indoor air levels of Stachybotrys are low; 
however, as with other types of mold, at higher levels 
health effects can occur. These include allergic rhinitis 
(cold-like symptoms), dermatitis (rashes), sinusitis, 
conjunctivitis, and aggravation of asthma. Some 
related symptoms are more general—such as inability 
to concentrate and fatigue. Usually, symptoms 
disappear after the contamination is removed.



•I heard about toxic molds (Stachybotrys chartarum) 
that grow in homes and other buildings. Should I be 
concerned about a serious health risk to me and my 
family?

The hazards presented by molds that may contain 
mycotoxins should be considered the same as other 
common molds which can grow in your house. There 
is always a little mold everywhere-in the air and on 
many surfaces. There are very few case reports that 
toxic molds (those containing certain mycotoxins) 
inside homes can cause unique or rare, health 
conditions such as pulmonary hemorrhage or memory 
loss.



How common is mold, including Stachybotrys chartarum
in buildings?

Molds are very common in buildings and homes and will 
grow anywhere indoors where there is moisture. The 
most common indoor molds are Cladosporium, 
Penicillium, Aspergillus, and Alternaria. There is no 
information about how often Stachybotrys chartarum is 
found in buildings and homes. While it is less common 
that other molds species it is not rare.



What are the potential health effects of mold in buildings 
and homes?

Mold exposure does not always present a health problem 
indoors. However some people are sensitive to molds. 
These people may experience symptoms such as nasal 
stuffiness, eye irritation, or wheezing when exposed to 
molds. Some people may have more severe reactions to 
molds. Severe reactions may include fever and shortness 
of breath. People with chronic illnesses, such as 
obstructive lung disease, may develop mold infections in 
their lungs.



What should people do if they determine they have 
Stachybotrys chartarum in their buildings or homes?

Mold growing in homes and buildings, whether it is 
Stachybotrys chartarum or other molds, indicates that 
there is a problem with water or moisture. This is the 
first problem that needs to be addressed. Mold can be 
cleaned off surfaces with a weak bleach solution. Mold 
under carpets typically requires that the carpets by 
removed.



Psychometrics

















Codes

Flashings

Michigan Building Code (MBC) 2000 (1403.2) and 
Michigan Residential Code (MRC) 2000 (R703.1) require 
a weather-resistive exterior wall envelope with a water-
resistive barrier behind the exterior veneer.

MBC (1404.2) and MRC (R703.2) specify 15 lb. felt or 
other approved alternate as a water-resistive barrier.

MBC (1405.3) and MRC (R703.8) specify the flashing 
shall be provided in a manner to prevent entry into the 
wall cavity and delineates the locations of such flashings.



Flashings

Michigan Energy Code (MEC), ASHRAE Standard 
90.1/1999, (5.2.3.1) specifies envelope sealing to 
minimize air leakage.



Attic Ventilation

MBC (1202.2) and MRC (R806.2) specify the minimum 
total net free area of the ventilators located in the upper 
portion of the space and at the eave. This net free area 
can be reduced by 50% if a vapor barrier is installed on 
the warm side of the ceiling.



Ice Dam Protection:

MBC (1507.2.8.2) and MRC (R905.2.7.1) require two 
layers of underlayment cemented together or a self-
adhering polymer modified bitumen sheet to extend from 
the eave edge to a point at least 24 inches inside the 
interior wall line of the exterior wall.



Crawl Space Ventilation:

MCB (1202.3.1) and MRC (R408.1) specify the minimum 
total net free area of the ventilators to be installed in the 
exterior foundation walls. This total ventilation area can 
be reduced to one-tenth if the ground surface is treated 
with an approved vapor retarder material.



Controlling Moisture Entry into 
Buildings

To deal effectively with moisture in buildings, these 
strategies are imperative:

•Keep water out

•Designing assemblies to dry out

•Provide mechanical ventilation

•Avoid condensation in the building

•Avoid condensation within the building envelope



•Controlling entry of humid outside air

•Controlling indoor sources of humidity

•Avoid (or manage) plumbing leaks

•Provide mechanical dehumidification







Of these strategies many are controlled by the designer 
and contractor. These include:

•Flashing at all door and window penetrations

•Roof penetrations

•Roof-wall intersections

•Drainage planes in the envelope

•Capillary breaks

•Condensation within the envelope

•Condensation in the building



Flashings:

Provide proper flashing at all windows and doors 
penetrations. All components should be layered so that 
water is shed down and outward. Flashings can be 
installed before or after the housewrap or building felt 
“drainage plane.”

Manufacturers of building wraps (water-resistive barriers 
(WRB)) provide the details and have the products 
available to properly flash windows and doors but 
typically they’re never installed.



Water-resistive Barriers (WRB’s):

The industry as a whole seems perplexed concerning the 
breathability of wall systems and the effects of WRB’s. 
Don’t look to codes for answers. The forthcoming new 
codes (effective December 31, 2003) requires a WRB 
over the sheathing regardless of the siding type and 
doesn’t address breathability or alternates to 15 lb. felt.

Vapor pressure differentials can be high in a wall 
assembly but air infiltration accounts for much more 
water-vapor entering the cavity than by diffusion. 
Therefore, the taping of all joints and edges is necessary.



Based on my experience of our industries ability to keep 
water out of building envelopes it is imperative the 
WRB’s be breathable and let the water vapor escape to 
the exterior. Thus, a moderate perm rating is 
recommended.



One problem with plastic building wraps is the loss of 
water repellency. Contaminants such as surfactants can 
raise the surface energy of the building paper or lower 
the surface energy of the water allowing the “wetting” of 
the building wrap by water. Once this wetting occurs the 
pores or perforations become filled allowing the water 
(liquid phase) across the building wrap via capillary 
action or gravity.



Water soluble components in wood such as tannins and 
wood sugars are a type of surfactant that contaminate 
the surface of the plastic building wraps raising their 
surface energy. 

I believe the smaller the holes in the wrap the better 
their water resistance capabilities in the presence of 
surfactants.



With surfactants increasing the probability of liquid water 
penetrating the building wrap it’s imperative the wrap 
have a moderate or above perm value to ensure the wall 
can dry to the exterior.

In numerous inspections I’ve seen cedar shingles applied 
directly to the plastic wrap which insures water intrusion 
from the surfactants and vapor diffusion if the wetted 
shingle temperature is raised. A “cedar-breather” or 
similar air space is essential.



Roof Ventilation (R806.2)

Ice damming is the primary cause of roof water intrusion 
in heating climates. Water from melting snow on a warm 
roof runs down the roof to the eave where lower 
temperatures freeze the water creating ice dams. The 
roof water accumulates, penetrates the shingle 
underlayment and enters the structure.



The minimum total net free ventilating area for roof/attic 
ventilation is not less than 1 to 150 of the area of the 
space being ventilated. This can be reduced to 1 to 300 
if at least 50% and not more than 80% of the ventilating 
area is provided in the upper portion of the space and 
the balance at the eave. If a vapor barrier is used on the 
warm side of the ceiling then the ventilating area can 
also be reduced to 1 to 300.



There is no stipulation that the ventilating area be 
continuous at the eave and at the worst case can be as 
little as 20% of the required area. We recommend 
continuous soffit vent and ridge vent of at least 50% of 
the total net free area required based on 1 to 150 
because construction techniques are not monitored 
closely and the vapor barrier used on the ceiling may not 
be adequately lapped and sealed or the Kraft paper 
backing on the insulation may not be stapled correctly.





Ice Protection (R905.2.7.1)

Two methods of providing ice protection are code 
approved:

•Two layers of underlayment cemented together.

•Self-adhering polymer modified bitumen sheet.

In many instances, a single felt is used and in some 
cases, we have seen roofs without felts. We would prefer 
the self-adhering bitumen sheet be used exclusively.



The ice protection must extend at least 24” beyond the 
inside face of the exterior wall.

For various roof slopes and soffit widths, the length of 
the ice shield varies.

In many instances, a single 36” width of ice protection is 
installed in lieu of code mandates.











Crawl Space Ventilation 
(R408.1.4.2)

The minimum net free ventilation of crawl spaces must 
not be less than 1 to 150 with one opening within 3 feet 
of each corner of the building. Thus at the very least 
each crawl space should have a minimum of four (4) 
vents.

The total area of ventilation can be reduced to 1 to 1500 
when the ground surface is treated with an approved 
vapor retarder material. We do not recommend the latter 
under any condition because the vapor retarder does not 
have an indefinite life and normally is not installed to 
prevent moisture from entering the crawl space.



The sealing of a crawl space with a pliable reinforced 
water-resistive barrier and the sealing airtight of the 
ventilation openings, installation of drainage tile and 
sump pump will in certain instances eliminate an 
unhealthy environment.









Electro-Osmotic Pulse 
Technology

Electro-osmotic pulse (EOP) technology is used to 
prevent moisture intrusion through concrete and 
masonry into below grade spaces and is now being 
applied to historic buildings.

The positive-voltage pulse has the longest interval, and 
the negative-voltage pulse has the shortest interval. The 
positive electrical pulse causes the positive ions and 
associated water molecules to move from the anode 
(interior or dry side) toward the cathode (exterior or wet 
side), against the direction of flow induced by the 
hydraulic gradient, thus preventing water penetration 
through the structure.



One of the most critical aspects of this technology is the 
negative-voltage pulse (polarity reversal). The negative 
pulse is of very short duration as compared to the 
positive pulse. During the time of the negative pulse, the 
water flows in the opposite direction.



An EOP system is installed by inserting anodes into the 
wall and/or floor on the inside of the structure and by 
placing cathodes in the soil directly outside the structure. 
The number of anodes and cathodes and their placement 
are determined from an initial electrical resistivity test of 
the material and soil. The objective is to achieve a 
certain current density and thus create an electric field in 
the material that is sufficiently strong to overcome the 
force exerted on the water molecules by the hydraulic 
gradient from outside the structure.



By combining EOP with standard repair techniques that 
seal cracks and other defects, EOP can solve the 
problems of active water intrusion (high water table) and 
saturation (rising damp). EOP can extend the life of the 
repairs to cracks or voids by controlling the amount of 
water reaching the repair material. For more information: 
<http://www.moisture-solutions.com/home.asp>



Mold forms in 4 days if elevation moisture levels exist as 
a consequence of structural wetting during construction.

Desiccant materials attract water of the air as a vapor. 
Humid air has a high vapor pressure. Dry desiccant has a 
low vapor pressure.

Propelled by this vapor pressure difference, water 
molecules (as a vapor) move out of the humid air to the 
desiccant which captures the water molecules onto the 
surface of the desiccant medium by a process called 
adsorption.

Structural Drying



Solid desiccant materials are adsorbents with a 
tremendous internal surface area providing for the 
capacity to handle large volumes of water.

A single gram (less than one teaspoon) of dry desiccant 
can have more than 50,000 square feet of surface area 
(equivalent to the size of a football field).

After being loaded with water molecules the desiccant is 
reactivated (dried out) by heating, which raises the vapor 
pressure of the material above that of the surrounding 
air.

Desiccant drying controls mold formation.



Final Thoughts

Using the best building science we can not only design 
and construct buildings that will last but also reduce the 
risk of moisture-related health problems, including 
exposure to molds and other allergens. To apply building 
science, we have to address the interactions among 
components in a building—looking to manufacturers for 
solutions at the level of the individual product isn’t 
enough.

Rarely is anyone filling the role of building scientist on 
design teams today. It’s up to architects to either learn to 
play that role, or hire consultants who can work through 
details of the envelope and mechanical and plumbing 
systems with them.
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