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Appendix C:

Moisture, Mold and Mildew

M olds and mildew are fungi that grow
on the surfaces of objects, within pores,
and in deteriorated materials. They can
cause discoloration and odor problems,
deteriorate building materials, and lead to
allergic reactions in susceptible individu-
als, as well as other health problems.

The following conditions are necessary
for mold growth to occur on surfaces:

n temperature range above 40°F and below
100°F

n mold spores

n nutrient base (most surfaces contain
nutrients)

n moisture

Human comfort constraints limit the use
of temperature control. Spores are almost
always present in outdoor and indoor air,
and almost all commonly used construc-
tion materials and furnishings can provide
nutrients to support mold growth. Dirt on
surfaces provides additional nutrients.
Cleaning and disinfecting with non-
polluting cleaners and antimicrobial agents
provides protection against mold growth.
Other sections of this document have
discussed the importance of building
maintenance and proper sanitation in
preventing IAQ problems. However, it is
virtually impossible to eliminate all
nutrients. Moisture control is thus an
important strategy for reducing mold
growth.

Mold growth does not require the
presence of standing water; it can occur
when high relative humidity or the
hygroscopic properties (the tendency to
absorb and retain moisture) of building
surfaces allow sufficient moisture to
accumulate. Relative humidity and the

factors that govern it are often misunder-
stood. This appendix is intended to give
building managers an understanding of the
factors that govern relative humidity, and
to describe common moisture problems
and their solutions.

BACKGROUND ON RELATIVE
HUMIDITY, VAPOR PRESSURE,
AND CONDENSATION

Water enters buildings both as a liquid and
as a gas (water vapor). Water, in its liquid
form, is introduced intentionally in
bathrooms, kitchens, and laundries and
accidentally by way of leaks and spills.
Some of that water evaporates and joins
the water vapor that is exhaled by building
occupants as they breathe or that is
introduced by humidifiers. Water vapor
also moves in and out of the building as
part of the air that is mechanically intro-
duced or that infiltrates and exfiltrates
through openings in the building shell. A
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There were complaints of vis-
ible water damage and musty
odors in this senior citizen
housing complex. Investiga-
tors confirmed that the prob-
lem was rain entry by using
an array of hoses to spray the
walls with

water, while operating the
building under negative pres-
sure. The test showed that
rain was entering at the joints
of the exterior

cladding, rather than at
cracks around windows.



FIGURE C-1: Moisture Gain in a Building

o by door openings and
o thru cracks and crevices

= Internal moisture release
- by people, showers,

Air leakage
(carrying moisture)

-
g Diffusion through
- doors, walls, partitions

Liquid water
thru cracks
and then evaporated

-~ wet clothes and towels

Moisture Gain = Leakage + Diffusion + Internal

Courtesy of Dean Wallace
Shakun, Clayton State
College, Morrow, GA

lesser amount of water vapor diffuses into
and out of the building through the
building materials themselves. Figure C-1
illustrates locations of moisture entry.

The ability of air to hold water vapor

decreases as the air temperature is lowered.

If a unit of air contains half of the water
vapor it can hold, it is said to be at 50%
relative humidity (RH). As the air cools,
the relative humidity increases. If the air
contains all of the water vapor it can hold,
it is at 100% RH, and the water vapor

condenses, changing from a gas to a liquid.

It is possible to reach 100% RH without
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changing the amount of water vapor in the
air (its “vapor pressure” or “absolute
humidity™); All that is required is for the air
temperature to drop to the “dew point.”
Relative humidity and temperature
often vary within a room, while the
absolute humidity in the room air can
usually be assumed to be uniform. There-
fore, if one side of the room is warm and
the other side cool, the cool side of the
room has a higher RH than the warm side.
The highest RH in a room is always
next to the coldest surface. This is referred
as the “first condensing surface,” as it will



FIGURE C-2: Relationship of Temperature, Relative Humidity, and Moisture in the Air

A relative humidity reading taken in a room will only give an accurate
indication of the actual amount of moisture present if a temperature
reading is taken at the same time. The chart below shows that air at
70°F and 40% RH contains approximately 0.006 pounds of
moisture per pound of dry air (as indicated by the bold line), while
air that is at 50°F and 40% RH contains approximately 0.003
pounds of moisture per pound of dry air (as indicated by the dashed
line). Although both are at 40% RH, the 70°F air contains roughly
twice as much moisture as the 50°F air.
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be the location where condensation first TAKING STEPS TO REDUCE

occurs, if the relative humidity at the MOISTURE

surface reaches 100%. It is important to Mold aind smildew growth can be reduced
understand_ this wl?en ying to understand where relative humidities near surfaces can
hy mold s groying on one paich of wall be maintained below the dew point. This

or only along the wall-ceiling joint. Itis . :
. , can be accomplished by reducing the
likely that the surface of the wall is cooler moisture content (vapor pressure) of the

than the room air because there is a void in 5 e
. : L ; air, increasing air movement at the surface,
the insulation or because wind is blowing 4 . . .
S—————— or increasing the air temperature (either the
bui 1:11gh cracks In the exterior ot the general space temperature or the tempera-
WERES ture at building surfaces).
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{pounds of moisture per pound of dry air)

Humidity Ratio



