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Mold Regrowth After Effective Remediation

Introduction

onths have passed since
completion of a water-loss
restoration effort and the for-

mer client has called complaining of
a visible film of mold growth on their
contents. Your firm is considered the
responsible party. In the absence of a
plumbing leak or exterior water infil-
tration, there are a number of reasons
why surface mold can return months
after a competent water-remediation
effort. Assuming that the contaminant
removal, drying and cleaning tasks
were fully implemented, photographed

and documented, you may inquire
about the following conditions in your
client’s home before mounting a time-
consuming defense. In most cases, the
consequences of excess water vapor
and mold growth take as little as sev-
eral days under optimal conditions to a
month to develop and originate from a
progressive increase in moisture con-
tent. Mold growth in the absence of
an apparent water loss (i.e., pipe leak,
water intrusion) is often attributed to
sustained conditions of elevated humid-
ity and surfaces that are at or below the
dew point.

12 | THE JOURNAL OF CLEANING, RESTORATION AND INSPECTION

>> by Nolan Wells, BSME and Ralph E. Moon, Ph.D., CHMM, CIAQP

1. Fan in the “On” Position

An operating air handling unit (AHU)
will move moisture-laden air across
the evaporator coils causing water
vapor to condense, drain into a con-
densate pan and discharge outside
through a drain pipe. During this pro-
cess, the evaporator coils remain wet
during the cooling/dehumidification
cycle. Once the set-point temperature
is met, a thermostat with the fan set to
the “auto” position will either shut off
or gradually turn off the fan allowing
condensate on the evaporator coils to
drain into the pan. Thermostats with
the fan set to the “on” position cause
moisture from the evaporator coils to
be recovered into the supply air stream
and distributed throughout the living
space. This results in recycling a por-
tion of the removed water vapor back
into the home. This problem is most
prevalent in warm/humid and cool/
humid climates where sustained con-
ditions of elevated relative humidity
(RH>60-65%) can prompt dampness
and surface mold.'

2. Temperature Across Evapora-
tor Coils Too Low

One of the most important measure-
ments to obtain when evaluating
dehumidification performance is the
temperature across the evaporator coils
(AT). The AT across the evaporator
coils should range between 16°F
and 20°F (high temperature [return
air] minus low temperature [supply
air]).2 When the evaporator coils
temperature drops below the dew point
temperature, moisture will condense
and subsequently dehumidify the
air. Temperatures above this range
(AT>24°F) can occur when the
evaporator coils or air return filter is
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obstructed lowering the air speed across
the coils and encouraging moisture
retention and possible freezing. When
the temperature is below this range
(AT <16°F) there is usually a loss of
refrigerant or the air velocity is too high
creating an insufficient temperature
change across the evaporator coils to
meet the dew point.

3. Installation of a Larger or More
Energy Efficient HVAGC System

Mold restoration projects are occasion-
ally accompanied by replacement of
the HVAC system. When influenced by
the varying interests, a larger unit can
sometimes be installed under the mis-
taken belief that “bigger is better” and
more cost efficient. Unless the home
experiences a measureable change in
sensible heat load (i.e., decrease in
exterior shading, added fenestrations,
greater occupancy or a reduction in
ceiling insulation) following the res-
toration effort, there is no reason to
increase the cooling capacity of the
HVAC system.

HVAC systems that are one-half to
one ton larger than necessary may “short
cycle” resulting in rapid cooling and an
effective reduction in dehumidification.
Inevitably, the moisture content of the
home and its contents will increase,
encouraging dampness and surface
microbial growth.>4

Short cycling may also occur where
a supply vent is in close proximity to
the air return. Conditioned air that is
intercepted and reintroduced through the
air return and across the evaporator coils
will be colder, reduce dehumidification
efficiency and promote freezing. This
short-circuiting leads to attaining the
set-point temperature faster when
super-cooled air is created or when
the thermostat is in close proximity to
the HVAC air return. An additional
consequence of short-circuiting is
condensation forming on the ductwork,
HVAC components and HVAC closet
by creating colder exterior surfaces
due to the creation and transport of the
super-cooled air.
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Months after a water-loss restoration, you
get a call complaining of mold growth on
contents. In the absence of a plumbing
leak or exterior water infiliration, there are
a number of reasons why surface mold can
retfurn months after a competent water-
remediation effort.

Fan in the “on” position. Thermostats
with the fan set to the “on” position cause
moisture from the evaporator coils to be
recovered into the supply air stream and
distributed throughout the living space. This
recycles a portion of the removed water
vapor back into the home.

Temperature across evaporator coils too
low. When the evaporator coils’ temperature
fails to drop below the dew point
temperature, moisture will not condense
and dehumidify the air.

Installation of a larger or more energy
efficient HVAG system. HVAC systems
that are larger than necessary may “short
cycle,” resulting in rapid cooling and a
reduction in dehumidification. Inevitably, the
moisture content of the home will increase,
encouraging surface microbial growth.

Thermostat-humidistat wiring (series or
parallel). Few understand the differences
in moisture management that depend on
whether these controls are wired in series
or parallel. Whether in a hot/humid or
cold/humid climate, parallel wiring of the
humidistat and thermostat provides the
preferred method to prevent elevated RH.

Negative pressure from mechanical
exhausts. Clothes dryer and exhaust fans
assist in the removal of latent and sensible
heat from the living space. This ventilation
creates a slight negative pressure gradient
and consequently introduces nonconditioned
air. If the incoming nonconditioned air
contacts cool conditioned interior surfaces,
condensation and moisture accumulation
©an occur.

Poor air circulation from bathroom to
HVAC closet. Good air circulation is needed
to prevent microbial growth. In homes
employing nonducted HVAC ventilation,
areas of diminished air circulation can be
created when the distance between latent
heat sources and the HVAC system are too
far to allow for efficient removal of residual
water vapor. When this occurs, moisture-
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laden air has the opportunity to be absorbed
into materials.

Operational error. Elevated humidity inside
a residence may not have been a concern
for the occupants prior to the water loss. If
conditions favorable for mold growth were
present before, then they will likely return
after restoration is complete.

Diminished sensible heat load. Restoration
efforts that decrease the sensible heat load
in a2 home include changes in roof or exterior
wall color (dark tfo light), installation of
window shutters or blinds, new attic or wall
insulation, or decreased occupant usage.
These changes can diminish the sensible
heat load, decreasing the effectiveness of
the HVAC system’s dehumidification phase.

Thermal gradients from opposing floor
or ceilings. Moisture management in
multifamily housing can be complicated
by thermal gradients or a significant
temperature difference between opposing
ceilings or walls. Ceiling discoloration and
excessive floor moisture may represent
a condensing surface created by thermal
gradients.

Closets with attic scuttles. The loosely
fitting scuttle panel provides a nonsecure
conduit to the vented attic. The scuitle
facilitates the introduction of warm
moisture-laden air onto cooler surfaces of
the scuttle framing and adjacent ceiling and
raises the RH inside the closet.

Reintroduction of contaminated conients.
Your restoration protocol included
identification and removal of visibly
contaminated contents, laundering of
linens, and dry cleaning of drapes. You have
no control over the introduction of new
microbial contaminants.

ASHRAE ventilation standard The new
ASHRAE 62.2 ventilation-rate standard
recommends that new homes or those
with 1,000 ft2 or more add 40 to 50 CFM.
Though the objective of the standard is
to provide health benefits to occupants
with asthma and allergies, in hot, humid
climates it introduces moisture-laden air
into the home with little or no information
regarding the outdoor air supply damper,
controls, or need to monitor indoor
humidity.
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The pursuit of energy efficiency may
also contribute to a humid interior envi-
ronment when air handling units with
high EER (Energy Efficiency Rating)
or SEER (Seasonal Energy Efficiency
Rating) are installed at the expense of
decreased moisture removal (dehumidi-
fication) performance.

4. Thermostat-Humidistat Wiring
(Series or Parallel)

Thermostat and humidistat wiring can
be a subtle but effective facilitator of
elevated relative humidity (RH) in a
home. Few understand the profound
differences in moisture management
that depend on whether these controls
are wired in series or parallel configu-
rations. Thermostats allow selection of
a preferred temperature or “set point”
for comfortable heating or cooling.

are wired separately allowing indepen-
dent operation. Parallel wiring gives
control of the HVAC to either the ther-
mostat or humidistat, whichever reaches
the activation “set point” first. Only one
control device is required to activate the
HVAC system. Although parallel wiring
is less efficient due to increased activa-
tion of the HVAC system, its benefit is
making dehumidification a priority.

Whether in a hot/humid or cold/
humid climate, parallel wiring of the
humidistat and thermostat provides the
preferred method to prevent elevated
RH conditions. You will have greater
insight into the long-term stability of
your restoration effort by identifying the
wiring scheme.

How to determine if you have series
or parallel wiring: Turn the humidistat
to the “off” position. With the thermo-

mobile homes. If the incoming noncon-
ditioned air contacts cool conditioned
interior surfaces that reach the dew
point, then condensation and moisture
accumulation can occur. Over a period
of weeks and months mold growth can
result on various surfaces.

You can demonstrate the introduction
of outside air into a home to your client
by turning on all the exhaust systems
and then using a smoke pen to discharge
smoke adjacent to ceiling lights and
door framing. If outside air is penetrat-
ing the home, you should see smoke
moving with air currents that enter the
home. Among the mechanical exhaust
systems, the clothes dryer offers the
largest volume of air discharge rang-
ing from 105 to 230 cubic feet per
minute (CFM) (Whirlpool) that com-
prises approximately 50 percent of the

If the incoming nonconditioned air contacts cool conditioned interior
surfaces that reach the dew point, then condensation and moisture
accumulation can occur. Over a period of weeks and months, mold
growth can result on various surfaces.

When the temperature reaches within
a degree or two of the set point tem-
perature, a switch in the thermostat
signals either the fan and compressor
(cooling season) or fan and heating ele-
ments (heating season) to distribute air.
Humidistats allow for the control of RH
in hot or cold climates. A comfortable
indoor humidity usually ranges between
45% and 65%.' When the RH goes
above the humidistat set point in a hot,
humid climate, the fan and compressor
are signaled “on.”

Under the series wiring scheme,
activation of the HVAC system is
dependent on attaining two set points,
one for the humidistat and another for
the thermostat. Under a parallel wiring
scheme, the humidistat and thermostat

stat set in the air conditioning mode,
gently toggle the temperature lower and
listen for the HVAC system to activate.
If it does activate, the system is wired in
parallel. If the HVAC system does not
activate, the wiring is in series.

5. Negative Pressure from
Mechanical Exhausts

Clothes dryer and exhaust fans assist
in the removal of latent and sensible
heat from the living space when drying
clothes, taking a shower or cooking.
Mechanical ventilation creates a slight
negative pressure gradient between
the outside and inside of the home
and as a consequence introduces non-
conditioned air through penetrations
around fenestrations, canned lighting,
attic scuttles and the marriage wall of
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conditioned air exchange in a home.’
Under measured field conditions where
lint has accumulated on the dryer filter
and a load of clothes is actively drying,
the actual volume of air discharged is
approximately 100 CFM. For example,
a 2,000-square-foot home with eight-
foot walls will comprise approximately
16,000 square feet of volume. An air
exchange of the entire home’s interior
requires two hours and 40 minutes with
a dryer that has a common 100 CFM
discharge capacity.

6. Poor Air Circulation from Bath-
room to HVAC closet

Good air circulation inside a building

is a prerequisite for maintaining

conditions that prevent microbial

growth. In homes employing nonducted
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HVAC ventilation, areas of diminished
air circulation can be created because
the distance between latent heat sources
(i.e., bathrooms, laundry, kitchen, etc.)
and the HVAC system may be too
far to allow for efficient removal of
residual water vapor. When this occurs,
moisture-laden air has the opportunity
to be absorbed by gypsum board, fabrics
and wood materials. Air circulation
systems are intended to integrate areas
of elevated RH with their capture by
the AHU. Supply air ducts are installed
in every room of a residence to ensure
sufficient distribution of conditioned air.
In homes with nonducted ventilation,
the space beneath the door facilitates air
return. In these cases, the unanticipated
consequences of elevating the floor
beneath the door with tile, wood flooring
or thick carpet after a restoration
project may obstruct efficient air return.
Examine the space between the bottom
of the door and the floor. Will it allow
the unimpeded movement of air between
sources of elevated RH and the AHU?
Look for an approximate height of about
one inch. In newer homes, many code
requirements dictate ducted returns that
negate this concern.

7. Operational Error

Elevated humidity inside aresidence may
not have been recognized as a concern
by the occupants before the water loss
occurred. If conditions favorable for
mold growth were present before a
water loss, then they will likely return
after restoration is complete because the
occupant is unfamiliar with the proper
operation of the HVAC system. Inquire
as to the “typical” comfort settings
for the thermostat. Ask whether they
have experienced obstructions in the
condensate drain line. Investigate as
to whether they have their HVAC unit
serviced regularly and if any operational
concerns were recognized in the past.

Many homeowners find operation of
the thermostat and humidistat intimi-
dating. Their lack of understanding is
often complicated by efforts to save
electrical costs especially while on
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vacation. Among retirees, efforts to
isolate bedrooms formerly occupied by
their children can also pose a moisture
management complication. No matter
if the home is managed by a thermostat
alone or a thermostat and humidistat, the
ultimate objective is to keep the entire
living space dry. There are several ways
that effective moisture control can be
accomplished.

Using the thermostat alone, a residen-
tial home that is shaded, shuttered,
heavily draped or (as in a multi-family
structure) bordered by neighboring
units, will need supplemental dehu-
midification to maintain the relative
humidity below 65%. An assessment
of humidity control in vacant Florida
homes demonstrated that operating a
dehumidifier two hours each day could
maintain conditions below 65% RH.¢
In a vacant home, another alternative
is to raise the interior temperature and
as a consequence lower the relative
humidity. For example, a home at 78°F
and 70% RH will experience a decrease
in RH to 60% at 83°F assuming that the
moisture source causing the elevated
RH does not increase or change.

8. Diminished Sensible Heat Load

Air conditioner selection considers two
primary sources of heat gain: latent
heat (heat required to convert water
vapor to a liquid from cooking, bath-
ing, cleaning and occupants) and sen-
sible heat (heat released or absorbed
in the atmosphere from solar sources,
roofs, walls, skylights, foundation, fen-
estrations, electronics and occupants).
Once the HVAC system is selected and
installed, changes to either the latent
or sensible heat load may alter the
demand on the system to the point that
they may not match with the intended
capacity of the equipment. Restora-
tion efforts that decrease the sensible
heat load in a home include changes
in roof or exterior wall color (dark to
light), installation of exterior window
shutters or interior blinds, an increase
in thermal resistance by using windows
with low-e (low emissivity) glazing,
replenishment or installation of new
attic or wall insulation, installation of
new landscaping or decreased occupant
usage. These changes can diminish
the sensible heat load decreasing the

Point at 67.2°F

2nd Floor Conditions
80°F at 65% RH, Dew

I- Surface at 65°F l

1st Floor Conditions
75°F at 55% RH, Dew
Point at 57.8°F

A

55°F Cold Air
Blowing on Ceiling

Supply
Register

Figure 1: Cold HVAC supply air being blown on a concrete ceiling
resulting in condensation on both sides.
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effectiveness of the HVAC system’s
dehumidification phase.

9. Thermal Gradients from Oppos-
ing Floor or Ceilings

Moisture management in multifamily
housing can be complicated by thermal
gradients or a significant temperature
difference between opposing ceilings
or walls. Ceiling discoloration
and excessive floor moisture may
as easily represent a condensing
surface created by thermal gradients
as plumbing leaks. For example, an
upstairs condominium unit that sets
their summer cooling temperature at
75°F may create a condensing surface
on the ceiling below of a vacant unit
that is set at 84°F and 80% RH. This
may not be obvious to the condo owner

moisture-laden air onto cooler surfaces
of the scuttle framing and adjacent ceil-
ing and raises the RH inside the closet
(particularly in closets with HVAC
supply ducts). Moisture management
around the scuttle and closet are influ-
enced by negative pressure created by
operation of exhaust fans as described
above. Mold growth is often manifested
as graying discoloration around the
edges of the scuttle or ceiling.

11. Insertion of Contaminated
Gontents

Your restoration protocol included
identification and removal of visibly
contaminated contents, laundering of
linens, and dry cleaning of drapes.
You’re confident your team imple-
mented effective cleaning techniques

intent of being informative rather than
demonstrative.

12. ASHRAE Ventilation Standard

The new ASHRAE 62.2 ventilation-
rate standard for low-rise residential
homes (1-3 stories) recommends that
new homes or those with 1,000 ft*> or
more add approximately 40 to 50 CFM.
Though the objective of the standard
was to provide health benefits to occu-
pants with asthma and allergies, in hot,
humid climates the standard introduces
moisture-laden air into the home with
little or no information regarding the
outdoor air supply damper, controls, or
need for monitoring indoor humidity
provided to the new homeowners. We
suggest that if your water loss claim is
in a home that was subject to ASHRAE

The investment of time to identify possible complications from
improper or preexisting moisture management conditions will help
defend the competency of your restoration effort.

returning for summer vacation after an
extensive winter restoration project.
Similarly, damp or wet floor tile may
be attributed to an abrupt temperature
gradient caused by a duct that has
been inadvertently directed toward the
ceiling of the unit below (see Figure
1). Both situations require you to be
vigilant by examining the surrounding
units rather than dwelling only on the
visible concerns.

10. Closets with Attic Scuttles

Moldy shoes, ties and jackets are preva-
lent in closets located on the north side
of homes. Cooler temperatures and poor
ventilation coupled with solid closet
doors are often the culprits. However,
in this instance consider the contribu-
tion of an attic access. The loosely fit-
ting scuttle panel provides a nonsecure
conduit to the vented attic. The scuttle
facilitates the introduction of warm

for all nonporous contents. Despite
these efforts, you have no control over
the introduction of microbial contami-
nants from borrowed furnishings, Uncle
Pete’s newly acquired leather couch or
the recent purchase of a Dining Room
dish cabinet from the local Goodwill
store. In these instances, an inventory
of contents retummed to the home may
benefit efforts to identify potential
sources of microbial cross contamina-
tion. No one wants to admit that they
may have recontaminated their home
after a lengthy and expensive restora-
tion project, so you must handle this
possibility delicately. Examine wooden
tables, chairs, dressers and cabinets
using a bright flashlight positioned
at an oblique angle. Collect tape lift
samples from suspicious furnishings
and have them examined by a qualified
third party laboratory. Discuss your
findings and laboratory results with the
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62.2, you might suggest that the owner
consult with a mechanical engineer for
methods to both abide by the require-
ment and to satisfy the need to maintain
the home’s interior below 60% RH.

Recommendations

When you accept a restoration project,
be aware there may be inconspicuous
elements that contribute to moisture
retention and mold growth immedi-
ately or soon after completion of the
restoration effort. The investment of
time to identify possible complications
from improper or preexisting mois-
ture management conditions will help
defend the competency of your restora-
tion effort. Some recommendations to
reduce these complications are listed
below.

* Encourage the client to use ceiling
fans to sustain air circulation and pro-
mote evaporation.
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« Offer instructional information on
thermostat and humidistat operations
and consider adding a hygrometer
to monitor indoor humidity in the
kitchen, laundry and bathrooms..

» Explain the consequences of pro-
longed exhaust ventilation to your
client and ways to optimize usage
with humidistat-controlled bathroom
exhaust fans.

* Promote operation of supplemental
dehumidification during nonoccu-
pancy and fall and winter months.

* Identify the wiring scheme for the
thermostat and humidistat and sug-
gest parallel wiring if the conditions
are appropriate and the client can
make an informed decision.

* Suggest a heat-load calculation on the
residence if you suspect an oversized
HVAC system.

+ Inquire as to any anticipated changes
to the home after the restoration is
complete.

* Recommend avoiding the use of pro-
tective shutters after hurricane season
and closed window drapes unless
supplemental dehumidification is
conducted.
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thoughts, comments, and feedback
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e Search for The Journal of
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Conversations surrounding
this article will be listed under
Mold Regrowth After Effective
Remediation.
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« Replace solid closet doors with
vented panels to improve air circula-
tion.

« Recognize that homes with fenestra-
tions oriented to the north will receive
limited solar gain and are vulnerable
to dampness.

» Retain your contents inventory
that documents precisely what you
cleaned and stored.

» If you recognize other contributing
sources of excess moisture, document
them in your notes, take photos if
possible and share them with your
client.

* In new homes or those with additions
greater than 1,000 ft* that are
constructed in hot, humid climates,
recommend the following measures:
1) install tight ductwork and air
handlers, 2) balance interior air flows,
and 3) size equipment correctly.
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