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Bacterial Amplification
and In-Place Carpet
Drying: Implications
for Category 1 Water
Intrusion Restoration

Abstract

The study described in this article investigated whether
in-place carpet drying processes resulted in bacterial amplification following
water intrusion from a clean water source (category 1) in a residential indoor
environment. Bacterial amplification was examined after wetting a 10-yearold carpet and pad that had no history of water intrusion. Three test areas
were extracted and dried using industry-recommended procedures for inplace drying and compared to a control area that was not extracted or dried.
Results from carpet, pad, and subsurface dust demonstrated that bacterial
amplification occurred in all test areas. CFUs of bacteria per gram of carpet
surface dust and subsurface dust prior to water intrusion were lower than
levels in subsurface dust after in-place drying. The authors’ study contributes
to information regarding the restoration of water-based carpet damage by
professional water damage restoration companies, building maintenance
personnel, and housekeeping managers. Results suggest that the appropriate
response time for carpet pad salvage is considerably shorter than the current
industry recommendation of 72 hours.

Introduction
Background
Carpet has long been recognized as a sink for
the collection of dust, organic material, and
microorganisms. Even with routine maintenance, dirt and associated particulates will
collect in carpet over time (Bouillard, Michel,
Dramaix, & Devleeschouwer, 2005). A Canadian Mortgage and Housing Corporation
(CMHC) study found that the bacterial levels in unsieved carpet dust from nonproblem
homes ranged from 6.78 x 105 CFU/g to 7.28
x 105 CFU/g and that “unhealthy” homes had
bacterial levels of 1.45 x 106 CFU/g of carpet
dust (CMHC, 2004). A third study analyzed
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sieved carpet dust (particles <250 microns)
and found bacterial levels of 1.2 x 107 CFU/g
in a nonproblem commercial building (Cole
et al., 1996). In-place carpet drying is a water
intrusion restoration method for drying buildings where carpet, pad, and other structural
components are dried in place. According to
The Clean Trust (formerly Institute of Inspection, Cleaning, and Restoration Certification
[IICRC]) S500 Standard and Reference Guide
for Professional Water Damage Restoration,
“In-place drying involves extracting and drying carpet, cushion, and other structural and
finishing components without disengaging
the carpet installation” and can only be applied to a category 1 (clean) water intrusion
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(IICRC, 2006). Historically, structural drying
services have involved the extraction of excess water, removal of pad, drying the carpet
by air movement using specially designed
fans (air movers and axial fans), and dehumidification. In-place drying involves more
aggressive extraction, air movement, and
dehumidification processes. Increased heat is
also beginning to play a more important role
as an in-place drying technique.
In-place carpet drying has gained acceptance
in the water damage restoration industry
as a structural drying method that can be
used in some circumstances. When used, it
is considered to be less expensive and results
in little or no reconstruction cost. For these
reasons, interest has increased in its use as a
structural drying process. At the same time,
there is recognition that in-place drying is
not appropriate for every water damage situation. Depending upon the circumstances,
a delayed mitigation response can result in
increased risks of microbial amplification,
resulting in adverse health effects for occupants, and liability for restorers that utilize
this method (IICRC, 2006). To date, the parameters used for in-place drying have been
largely based on assumptions and anecdotal
information. While bacterial amplification
has been studied previously under ideal
laboratory conditions (Fishov, Zaritsky, &
Grover, 1995) it has not been observed in an
applied research design such as in our study.
Study Goal
The goal of our study was to identify those
circumstances where in-place drying might
or might not be appropriate. Presently, the
standard of care says that carpet pad (cushion

or underlay) restoration can be considered if
begun within a period of 72 hours, depending
upon temperature (IICRC, 2006). The amplification of nonsewage carpet bacteria has not
previously been studied in situ under different temperature and duration conditions.
Study Objectives
Our study was designed to address the following questions regarding in-place carpet
drying, resultant bacterial amplification, and
optimum response time for implementation
following water intrusion:
1) What are the bacterial concentrations present in floor-covering dust that accumulate
over time in carpet, in a pad, and under a
pad in a nonproblem residence prior to a
category 1 water intrusion?
2) To what extent does bacterial contamination amplify within and underneath wet
carpet and pad as time passes without any
mitigation effort?
3) At what point does exponential bacterial
growth in carpet and pad begin after a significant water intrusion?
4) What influence does carpet surface temperature have on bacterial amplification
and the point at which exponential bacterial growth in carpet and pad begins?
5) What is the extent of amplification to be
expected if carpet and pad are dried using
current industry-recommended in-place
drying procedures within a “reasonable”
response time?

Methods
Carpet and Dust Collection
The carpet, pad, and dust used in our study
were originally collected from an apartment
located in Sacramento, California. Upon examination, the carpet construction appeared to be
a 26-oz. (737 g) tufted cut pile with a polypropylene primary and secondary backing and the
pad was a 4-lb. (1.8 kg) rebond material with a
permeable membrane. The carpet and pad were
originally installed over a lightweight concrete
floor approximately 10 to 12 years prior. The
age is based on the manufacturer’s date stamp
on the pad showing November 18, 1996. No
history or indication of previous water damage
to the carpet or pad was present. The carpet appeared to be serviceable with a few stains. Some
indication was present of what was believed to
be pet urine (fluoresced under ultraviolet light)

in several locations. Dust samples were taken
to establish the carpet’s condition as a baseline.
Prior to removing the carpet, the top surface
was vacuumed using a Nilfisk GP 1000 series
vacuum cleaner with a new 4.5-L two-ply dust
bag #82017201. The total weight of unsieved
dust collected from the entire top of the carpet was found to be 85 g. Each apartment area
of carpet was labeled, rolled, and wrapped in
polyethylene. The pad from each room was
labeled, folded, and wrapped in polyethylene.
After the pad and carpet had been removed, the
concrete floor was vacuumed using a new vacuum cleaner bag to collect the subsurface dust
that had sifted through the carpet. It was noted
that dust accumulation was heaviest under the
traffic areas. The total weight of unsieved subsurface dust collected was found to be 1,360 g,
or approximately 30 g/m2. Samples of the dust
collected from the top of the carpet and the
subsurface dust under the carpet and pad were
then analyzed for total bacteria. The dust from
the top and underneath was combined to provide a homogeneous mixture of the dust that
was used to seed the test areas.
Test Areas
Our study was carried out in a warehouse training facility in rooms previously constructed for
simulated mold remediation with hands-on
training. The carpet and pad were installed in
preparation for testing. Areas 1, 2, and 3 were
individual 8’ by 8’ carpeted rooms with 8’ ceilings (14.5 m3). Area 4 was an open area on the
warehouse floor. A second round of testing in
area 4 required the creation of a contained area
to maintain heat. Approximately 30 g/m2 of the
composited top carpet and subsurface dusts
were used to uniformly inoculate the floor by
sifting the dust onto the floor before the pad
and carpet were installed in all areas.
Flooding
All areas were flooded with three gallons of tap
water per square yard (13.7 L/m2). Areas 1, 2,
and 3 were allowed to sit for four hours prior
to extraction. The extracted water was collected
and its volume measured. Areas 1–3 were then
dried as described below. Area 4 remained wet.
Water Extraction
Extraction of the three rooms and the anteroom was performed using a Phoenix Hydro-X
Xtreme Xtractor with the Vacuum Pac. The
water that was extracted was measured to

determine whether the remaining water left
in the carpet and pad was consistent with the
results achieved in the wet study conducted
by the Society of Cleaning and Restoration
Technicians (International Society of Cleaning
Technicians [ISCT], 2003).
Drying
Area 1 was set up for hot air in-place drying
of carpet and pad using a Phoenix Firebird
Hot Air Drying System. The floor was unsealed concrete. The hot air drying unit is
capable of delivering 18,000 British thermal
units at 360 cubic feet per minute (cfm)
providing a 46°F (25.6°C) temperature rise
through the unit. The unit was initially installed to deliver six air changes per hour
(ACH) (50 cfm). The excess heat generated
was exhausted from the building using an existing warehouse ventilation fan. Airflow cfm
delivered to the room was calculated using a
Kestrel anemometer. In developing the drying protocol for our study, preliminary efforts
demonstrated the need for an airflow delivery rate of 30 ACH, wherein complete drying
could be documented in less than 24 hours.
Area 2 was set up to dry the carpet and
pad using air movers and refrigerant dehumidification, with the substrate modified to
simulate drying of carpet and pad over oriented strand board (OSB).
Area 3 was set up to dry the carpet and
pad using air movers plus refrigerant dehumidification, with the carpet and pad over
unsealed concrete.
The IICRC S500 makes recommendations
for the initial numbers of air movers and dehumidifiers that can be used to start the drying
process. In order to facilitate the use of these
recommendations, areas 2 and 3 were set up
with a common anteroom. Two air movers
were placed in each room and one axial fan was
placed in the anteroom to increase the surface
evaporation rate. The air movers were installed
so that each room would have one air mover
per 16 linear feet of wall. The common anteroom was installed in front of the test rooms to
enlarge the drying area to accommodate the dehumidifier, a DrizAir 1200 rated at 70 pints (33
L) removal as defined by Association of Home
Appliance Manufacturers specifications. The
anteroom had carpet and pad added to provide
consistency in the drying environment. The total airspace was approximately 2800 ft3 (79 m3)
for areas 2 and 3 and the anteroom.
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Sampling
Carpet and Pad Sample Collection Prior
to Flooding
Five 6.5-cm2 samples each of carpet and pad
were collected by cutting the material with
a clean razor knife. The materials were analyzed for total bacteria after the carpet and
pad had been installed in the test areas. One
sample was collected from each carpet in
each of the four areas. One sample was also
collected from the unused portion of carpet
and pad that was not flooded in the study.
Water Sample Collection
A 1-mL sample of the tap water used for
flooding was collected as a control. One-mL
samples of water were collected from the floor
below the pad with a sterile pipette and placed
in a sterile microcentrifuge tube. Water samples were collected from each of the four areas
immediately upon flooding. For round one of
testing, a total of 20 1-mL water samples were
collected by sterile pipette into individual sterile microcentrifuge tubes, one each hour for
the first eight hours, one every two hours for
the next 16 hours, then one morning and evening for a total of three days. For round two, a

10

Volume 74 • Number 9

FIGURE 1
Water Extraction
16
14
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Area 4 was constructed on the warehouse
floor with 8’ by 8’ carpet and pad installed
over polyethylene sheeting. PVC pipe was
laid out around the perimeter of the test
area under the polyethylene to create a dam
to contain the water. Area 4 underwent two
rounds of testing. Round 1 was performed
in the open unconditioned warehouse with
an average carpet surface temperature of
14°C, as measured by an infrared laser thermometer. The area was not extracted and
no dehumidification or air movement was
used to accelerate drying. Our study ended
at 72 hours postflooding. At the completion
of this first round of testing, the carpet, pad,
and polyethylene dam were removed and
disposed of and the area was cleaned. Then
a new polyethylene dam was installed and a
second round of testing was conducted using
another section of the carpet and pad from
the original apartment over the same distribution of dust inoculum. The second round
was conducted inside a heated minicontainment to raise the carpet surface temperature
to an average of 20°C. The second round of
testing was ended at 36 hours postflooding.
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Water remaining

total of 14 1-mL water samples were collected
by sterile pipette into individual sterile microcentrifuge tubes, one every two hours for the
first 24 hours, then one at 30 and 36 hours.
Carpet and Pad Sample Collection
At the completion of drying areas 1–3, five bulk
samples of carpet and five bulk samples of pad
were collected from each of the four areas.

Area 3
Water extracted

a pin type Tramex compact moisture meter were used to determine that the carpet,
pad, and substrate were dry.
6. Infrared temperature readings of carpet surfaces were taken and recorded each time
that water samples were collected in area 4.
7. The amount of water added and extracted
from each area was measured and recorded.
Sample Analyses

Temperature, Humidity, and Moisture Monitoring
1. Temperature and humidity readings were
data logged using calibrated Hobo Pro Series monitors that were set up in areas 1–4
and the anteroom.
2. Temperature and humidity readings were
manually recorded each time samples
were collected using the Kestrel 3000 or
a sling psychrometer. Prior to beginning
our study, the instrument calibration was
checked using a sling psychrometer.
3. Prior to wetting, the moisture levels in the
concrete substrate in areas 1 and 3 were
measured using a Tramex concrete encounter. A Tramex moisture encounter was
used to take moisture readings of the OSB
in room #2 prior to wetting.
4. The carpet was initially monitored to
determine when dry using a Dri-Eaz HydroPro 1 moisture sensor.
5. When the moisture sensor indicated that
the carpet was dry in each area, a nonpenetrating Tramex moisture encounter then

Water
Serial dilution plates were prepared on tryptic soy agar (TSA) and incubated for 48 hours
(overnight at 37°C, then overnight at room
temperature). After incubation, all plates were
quantified and CFU/mL of water were calculated.
Dust
Each unsieved dust sample was weighed, suspended in sterile water, and dilution plated,
incubated, and quantified as described above.
Plugs From Carpet and Pad
To prepare the samples for analysis, a 1.0 cm2
slice of each carpet or pad sample was separately collected with a sterilized razor. The
samples were each placed in 1.0 mL of sterile
water and vortexed for approximately 30 seconds to elute the bacteria from the sample.
Serial dilution plates were prepared on TSA
and were enumerated after incubation at
25ºC for 48 hours.

FIGURE 2
Subsurface Dust Analysis
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Results and Discussion
The analysis of the composite dust collected
from the top of the carpet showed bacterial
levels of 7.9 x 105 CFU/g of dust, and dust

End

collected from the floor surface (i.e., under the
pad) showed bacterial levels of 7.2 x 105 CFU/g
of dust. Analysis of total bacterial levels for the
dust from the carpet surface demonstrated

that the level of bacteria in the carpet was
consistent with levels identified in previously
published studies for “nonproblem” buildings
(CMHC, 2004). Although no data have been
previously published describing bacterial levels in the subsurface dust accumulated on the
floor under carpet and pad, our results demonstrated that for this apartment residence,
the levels of bacteria per gram of subsurface
dust were similar to the levels of bacteria in
the dust collected from the carpet surface.
Interestingly, 1,360 g of subsurface dust was
vacuumed from the floor surface, in contrast
to 85 g that was collected from the carpet. It
could not be determined if the carpet had recently been cleaned in some manner prior to
our taking possession. For our study, no effort
was made to determine how much soil was
bound to the carpet or pad and not removed
by vacuuming. Mixing the dust collected from
the top of the carpet with that collected from
the floor underneath was considered appropriate mixing that occurs when the water is
added and then extracted through the carpet.
In areas 1, 2, and 3 the pilot study was conducted with a four-hour response time from
the point of water intrusion until extraction
and drying began. One study demonstrated
that extraction of water from carpet and pad
can remove up to a maximum of 95% of the
water when installed over a sealed concrete
floor (ISCT, 2003). When floors are not
sealed, the amount of water that can be extracted has been predicted to be less due to the
absorption of water into the porous concrete
(Hedenblad, 1993). A higher amount of water absorbing into the unsealed concrete floor
used in our study is believed to account for
the smaller amounts of water that were able
to be extracted prior to drying (Figure 1). The
carpet, pad, and substrates were dried aggressively, monitored, and adjustments were made
to the drying system until dried. All materials except the OSB subfloor in area 2 were dry
within 48 hours from the time of extraction.
The carpet and pad in area 1 dried the fastest in spite of the delay caused by inadequate
ACH initially used. The subsequent adjustments to the ACH were able to more than
make up for the delay. The carpet and pad in
area 2 dried the slowest.
Prior to flooding the test areas, the bacterial levels in subsurface dust were determined
to be 7.2 X 105 CFU/g of dust. After flooding and drying the bacterial level in the
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FIGURE 4
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FIGURE 5
Area 4 Lag to Log Phase, 14°C
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subsurface dust in area 1 increased to 9.0 X
106 CFU/g of dust, area 2 increased to 6.0 X
106 CFU/g of dust, and area 3 increased to 1.8
X 106 CFU/g of dust (Figure 2).
All preflooding samples of carpet and pad
began with CFU/cm2 ≤ 103. As shown in Figures 3 and 4, after flooding and drying, the
bacterial level in the pad of area 1 increased
to 6.0 X 103 CFU/cm2 and the carpet increased to 3.0 X 103 CFU/cm2. The pad in
area 2 increased to 1.5 X 105 CFU/cm2 and
the carpet remained <103 CFU/cm2. The pad
in area 3 increased to 4.0 X 105 CFU/cm2 and
the carpet increased to 8.0 X 104 CFU/cm2.
The carpet and pad in these three areas consistently showed a greater amplification in
the pad than in the carpet. The greater amplification in the pad is considered likely to be
due to the nature of in-place drying, which
occurs from the top down. The carpet would
dry before the pad, resulting in a longer period of time for amplification in the pad and
in greater numbers.
Several anomalies occurred in each of the
test areas.
1. Although area 1 dried the fastest, the initial six to nine ACH of hot air during the
first 24 hours may have created a more favorable growing environment, resulting in
this area having the highest amplification
in the subsurface dust.
2. Area 2 dried the slowest; however, the increased drying time for the OSB subfloor
may explain the greater amplification of
subsurface dust as compared to area 3.
3. A number of possible reasons may explain
why bacterial levels after drying were lowest
in the area 3 subsurface dust, but highest in
the carpet and pad. The initial water and dust
samples collected from the carpet showed
that area 3 had approximately 10 times more
bacteria than the other areas. The dust used
to inoculate each floor was homogenous and
may have resulted in lower initial bacterial
concentrations. The carpet that was used in
area 3 was originally from a higher traffic
area in the apartment than the carpet used in
the other study areas.
4. Although the moisture measurements of
the carpet, pad, and substrate indicated
that they were dry, the measurement of the
concrete, after the removal of the carpet and
pad, exceeded the range of the Tramex concrete encounter (i.e., >6.0). Readings prior
to the start of the study were 3.0 to 3.5.
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No direct comparison of the amplification
levels with the subsurface dust (CFU/g) and the
carpet and pad (CFU/cm2) could be made due
to the differences in sample type and resulting
calculations provided by weight or by surface
area, respectively. Additionally, our study was
not designed to compare the drying systems
used in the different test areas since variability

between specific carpet pieces used in each area,
subfloor materials, and drying equipment did
not allow for direct comparison.
Results of our study have demonstrated
that in-place drying according to IICRC S500
recommendations with a four-hour response
time was successful in drying the carpet and
pad in-place. Even with a prompt response

600000000

bacterial levels reached a stationary phase or
death phase. The carpet and pad used for the
two rounds of investigation in area 4 were from
areas of light traffic. The zero-time bacterial
level at 14ºC was 570 CFU/mL and at 20ºC
it was 1,200 CFU/mL. It was observed that
the amplification of bacteria in the test area
was temperature dependent. At 14ºC, the lag
phase lasted approximately 18 hours (Figure
5). At 20ºC, the lag phase was reduced to approximately eight hours (Figure 6). Bacterial
amplification at 14ºC increased four orders of
magnitude over 72 hours. At 20ºC the amplification had reached four orders of magnitude at
24 hours, and was over five orders of magnitude
at 36 hours, when the study ended (Figure 7).
The results support the hypothesis that the longer carpet material remains wet, the greater the
bacterial amplification. Furthermore, at temperatures up to 20ºC, the log phase of growth
can begin as early as eight hours postflooding.
Additional research is needed to replicate
and expand the results of our study under
various conditions. Some of the variables
that need further investigation would include
quantities of dirt that accumulate under carpet over time; the types and quantities of
bacteria present in dirt under carpet; factors
that affect amplification of bacteria in carpet
such as drying response time, temperature,
soiling, previous water damage, and subfloor
substrate materials; various drying techniques; and the influence of antimicrobials.
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FIGURE 6
Area 4 Lag to Log Phase, 20°C
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amplification of bacteria occurred. Area 4 provided a demonstration of what could happen
with slower responses to a water intrusion.
The bacterial amplification from the inoculated floor and in the wet carpet and pad in area
4 demonstrated the same standard bacterial

14° C

growth curve observed in laboratory studies
for bacterial amplification with an initial lag
phase where some amplification of bacteria
occurs slowly followed by a log phase where
amplification is exponential (Fishov, Zaritsky,
& Grover, 1995). Our study was ended before

Our study has demonstrated that more information is needed to determine those situations
where in-place drying may be an appropriate
restoration response. Even with a prompt
four-hour response appreciable amplification
of bacteria occurred. Laboratory results demonstrated that occupant traffic patterns are an
important consideration when studying bacterial levels in carpet. Careful consideration
in selecting areas of carpet and pad would be
required to make direct comparisons of the
effectiveness of drying carpet using different
methods and conditions. Establishing an appropriate response time is dependent upon
soiling and carpet surface temperature.
The two rounds of testing to compare differences in amplification based on temperature
were performed on similar carpet from the same
residence. Our data indicate that a restoration
response needs to be made within a shorter
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period of time than 72 hours (IICRC, 2006). As
an indoor environment becomes warmer, an increase in the carpet surface temperature occurs
that leads to more rapid bacterial growth. Thus
the response to the flooding of the carpet might
need to be less than 24 hours.
Additional research is recommended to develop a matrix that addresses initial response

time, material temperatures, material conditions, drying methodology, and other important
considerations for in-place carpet drying and
the return of the indoor environment to a clean
and sanitary state. In this regard, we put forth
our methodology as a potential standardized approach to the continued investigation of bacterial
amplification in floor covering materials.
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