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This study examines decontamination processes that were
developed on an emergency basis to eliminate Bacillus
anthracis spores from deliberately contaminated buildings.
The recommended steps include a survey with sampling,
the removal of sensitive items, and HEPA vacuuming of
all readily available surfaces, followed by biocide treatment
and subsequent analyses for viable cells. There are several
analytical challenges posed by this approach. These include
the ability to discriminate the added strain from naturally
occurring resident microbes, determining detection limits
for anthrax spores in settled dusts, and detecting viable
but nonculturable spores. There are also logistical issues
relating to the various skill sets required from investigation
to reconstruction. In the present study, a model office was
constructed, and a strain of Bacillus pumilus was isolated
from the carpet and reintroduced to the office in excess.
The abundance of the B. pumilus strain was monitored in
settled dust using a strain-specific, quantitative polymerase
chain reaction (QPCR)-based detection method following
repeated HEPA vacuum cleanings. The QPCR method had
a limit of detection corresponding to !102 colony forming
units per gram of settled dust. QPCR results were compared
with measures of dust recoveries and fungal glucan and
endotoxin levels in the dust samples. The largest fraction (ca.
81%) of added spores was recovered during the first HEPA
cleaning. Subsequent cleanings resulted in incrementally
lower recoveries, with removal of 93% of the initial inoculum
by the third HEPA vacuuming. HEPA vacuuming prior to
removal of items such as office contents and furnishings
would result in much less resuspension of dust and limiting
the extent of contamination. This approach also ensures
that residual contaminants are as low as can be reasonably
achieved.

Keywords Bacillus pumilus, endotoxin, glucan, intentional con-
tamination, remediation
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INTRODUCTION

C onsidering the choices, inhalational anthrax (Bacillus
anthracis) may be one of the most effective agents of

bioterrorism because the minimum infectious dose is modest
and treatment options are limited.(1) The 2001 contamination
of U.S. buildings with a spore-forming, infectious B. anthracis
created a number of immediate challenges.(2) Among those
was the problem of returning the buildings to use as rapidly
as feasible. One building remained closed for a considerable
time due to stakeholder fear over the safety of reoccupation. At
that time, there was no systematic approach to decontaminate
buildings after a malicious or accidental introduction, and to
our knowledge, this had not been addressed since.

While there is a great deal of experience with asbestos,
lead, and mold decontamination of non-industrial workplaces,
there are few studies of the remediation process for spore-
forming bacteria in office settings. The limited data that
exist were obtained in response to bioterrorism events.(1,3)

The latter authors identified a number of factors that need
more study in the built environment as opposed to emergency
situations. Canter(2) outlined a decontamination process based
on broad steps that included (1) survey the contaminated
site with extensive sampling, (2) remove sensitive items such
as secret documents and critical personal items for separate
decontamination, and (3) HEPA vacuuming of all surfaces.
This last step reduces the microbial load and also removes
settled dust and dirt, which is critical for the success of any
subsequent biocide application. Settled dust and soil contains
many highly reactive components that may impede biocide
activity, such as clay particles; humic acid; black carbon
from traffic pollution (inorganic carbon particles typically
with adsorbed H2SO4); metal ions; proteins; plant, fungal and
bacterial cells, and cell debris.(4)

The ideal endpoint of remediation, i.e., elimination of
all infectious cells, raises two important challenges. From a
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practical perspective, it is necessary to discriminate between
strains present before the event and the strain that was
introduced by malicious contamination. For example, anthrax
spores survive long periods in certain soils(5,6) and are therefore
present in settled dusts in older buildings.(1) Anthrax is found
in all parts of Canada and the United States where cattle have
been previously held,(6,7) including the area where the present
work was undertaken.

A second possibly more important challenge is that
there are several problems in assessing viable B. anthracis
spores. Sampling methods can affect the enumeration of
recovered cells.(8–11) In addition, the failure of culture-based
methods to detect viable but non-culturable spores may affect
interpretation of the data. This occurs for a number of
reasons, but with B. anthracis there is the particular issue
that the different heat treatment regimes that are used to break
dormancy of endospores can significantly influence culturable
cell counts.(12)

For naturally occurring microbes, such as mold and anthrax,
the realistic goal is to reduce the contamination to as low as
reasonably achievable (ALARA). This concept has been used
in a variety of contexts but was first articulated for managing
radiation exposures. ALARA does not describe the dose limit
but a process that has the objective of attaining doses as
far below the applicable controlling limits as is reasonably
achievable, i.e., as far below the dose limits as practical.(13)

It is widely used for occupational safety guidelines and for
hazard management of chemicals, food additives, allergens,
and microbes and is related to both the precautionary principle
as it is applied today(14) and the threshold of concern.(15–17) In
the context of anthrax, the ALARA level is below the detection
limit of viable cells.

There are also logistical challenges associated with removal
of biohazardous materials. While there are some highly
trained teams from military and government departments
(mainly federal) capable of biohazard cleanup, these are few,
and they are not available for many buildings at once and
not well distributed around Canada and the United States.
However, the equipment and much of the expertise required to
effect decontamination also lie in the private sector, mainly
in asbestos removal firms and their experienced workers.
Demolition and reconstruction requires additional work forces,
with different training. A process needs to be developed that
moves toward transitioning the affected rooms from being safe
only for highly trained experts wearing full personal protective
equipment (PPE), and toward being safe for construction
workers to carry out the demolition and renovation activities.
The direction has to move from full to limited PPE, with
increasing numbers of workers unencumbered by PPE.

This study used a multifaceted approach to analyze the
effectiveness of HEPA vacuuming to reduce the microbial
load of a controlled release of a spore-forming bacterial
strain in the built environment. HEPA cleaning is effective for
removing lead in offices(18,19) and for ameliorating allergen and
endotoxin loadings in single-family dwellings.(4) In the present
study, a strain of B. pumilus isolated from an in-service carpet

was added to a mock office. A cleanup process was evaluated
involving the incremental removal and size fractionation of
settled dust by several analyses on the fractions collected.
A quantitative PCR (QPCR) method was used to measure
recovery of the bacterial strain added. This was done by an
adaptation of a method developed to track and enumerate
specific bacterial strains introduced into soil microcosms.(20)

For comparison with the QPCR data, well-studied methods
of measuring triple helican !-D-glucan and endotoxin levels
in settled dust were used. The former arises from anamorphic
Trichocomaceae that grow on damp building materials, and
endotoxin is from gram negative bacteria that come mainly
from outdoor air and soil.(4) There are reliable data on these
in settled dusts and how they are reduced with cleaning. If
these did not relate to the molecular data, this would decrease
assurance that the molecular techniques (in general) were
reliable for this purpose. The lack of data on independent
“verifying” methods during these cleanups is a serious gap.
The sampling strategy was designed to harvest as much dust
from surfaces as feasible and replicate analysis. This approach
has been demonstrated to increase the interpretability of data
that has high spatial variability.(21) The intent was to develop a
strategy that would reduce the contaminant using the ALARA
principles.

METHODS

Environment Design
A mock indoor office environment was designed and

constructed to best represent office-like working conditions.
This involved creating a standard-sized cubicle with balanced
ventilation to AHSRAE standards, including a suspended ceil-
ing with ceiling tiles. The cubicle contained a 7-year-old carpet
from a government building and previously used fabric-
covered cubicle walls, desks, and filling cabinets. The mock
cubicle occupied 7.9 m2 of the 33.3 m2 room. Some 22.8 m2

of the floor was covered by the carpet, while the rest was bare
concrete. Two carpeted areas, inside and outside the cubicle,
were defined with masking tape and measured (± 10 mm) for
the purposes of sampling. Similar templates were established
on the cubicle walls and ceiling tiles.

Selection and Identification of Bacillus Strain
An unsieved dust sample was taken from the above-

mentioned carpet when it was still in the original location. This
dust was suspended in double-distilled water at a concentration
of 0.01 g/mL. The resulting suspension was placed at 60"C
for 30 min, and 100–200 µL aliquots of this suspension were
plated on Lennox Broth (LB) + 1% agar and incubated at 30"C
for 2–3 days. Ten different bacterial colonies were randomly
selected and subcultured for DNA extraction. A portion of the
16S rDNA region from each colony was amplified by PCR
using primers 63f (5#- CAGGCCTAACACATGCAAGTC-3#)
and 1378R (5#-GGGCGGWGTGTACAAGGC-3#). Each PCR
product was then sequenced by DNA Landmarks (Montreal,
Canada) and a BLASTn search was performed against the
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NCBI database. Based on sequence identity, the 10 bacteria
were identified as Bacillus species. Strains designated B.
pumilus, B. flexus, B. megaterium, and B. subtilus were selected
for further study.

Generation of AFLPs and Primer Design
Generation of amplified fragment length polymorphism

(AFLPs) was done exactly as previously described with
selective primers MseI-CAC.(20) AFLP amplicons were ligated
into the TOPO-TA vector (Invitrogen, Burlington, Canada)
and transformed into One Shot TOP10 Chemically Competent
E. coli (Invitrogen). Plasmid DNAs were isolated from 10
colonies randomly selected to represent each bacterial strain,
and the inserts were sequenced using the universal primer sites
in the vector. BLASTn searches were used to identify regions
within AFLP fragments that did not match database sequences.
Primer pairs were designed, where possible, to amplify within
such regions, so as to have predicted annealing temperatures
of >65"C and to produce amplicons of between 100 and
400bp. Primer specificity was tested by PCR reactions using
DNAs from the target strain, from the 9 other Bacillus strains
isolated from dust in this study, from the 17 additional Bacillus
strains listed in Providenti et al.,(20) and from DNA extracted
from the original dust sample. Primer pair I-CAC-3 produced
abundant amplicon from target Strain “I,” no amplicon from
other Bacillus DNAs tested, and relatively little amplicon from
DNA extracted from the dust sample. Based on these results,
B. pumilus, a Biohazard Safety Level I organism, was selected
for release in the office contamination experiment. This was
deposited as DAOB 0200 (Agriculture and Agri-Food Canada,
Ottawa, Canada). Both B. pumilus and B. anthracis readily
form spores that remain viable for an extended period.

Inoculum Preparation and Dissemination
A single colony of DAOB 0200 was inoculated into 500 mL

of LB broth and incubated at 30"C, 100 rpm for 3 days before
centrifugation (13,000 $ g, 10 min) to pellet cells. The cells
were washed twice in 250 mL 0.1 M phosphate buffered saline
(PBS) and resuspended in 10 mL of PBS. Cells counts were
determined by hemocytometer and subsequently by the drop-
out plate method. Cell suspension (2.5 mL, 7.5 $ 109 CFU)
was added to 10 mL PBS and applied to desk surfaces. The
suspension was applied to desk surfaces over a 3-min period
using a small spray bottle. After each spray, the bottle was
moved slightly to the right until the entire cubicle desk surface
had been covered, which took 30 sprays. This was repeated
twice until the contents of the bottle were emptied. Likewise,
5.0 mL of the cell suspension (1.5 $ 1010 CFU) was diluted
with 20 mL of PBS and applied to carpeted area inside the
cubicle using the above procedure.

Sampling and Cleaning
The work was divided into two phases: sampling and

cleaning (Figure 1). The intent was to representatively sample
major surfaces and then harvest all possible residual dust
in all areas. The latter step permits subsamples to be taken

for analysis, thus reducing variance to that associated with
the analysis.(21) For the sampling phase, an HVS3 vacuum
sampler was used (Envirometrics, Seattle, Wash.) for the carpet
according to the manufacturer’s instructions. A minimum of
3 m2 of carpet was taped and the surface area concerned
carefully measured. Sampling areas were 0.3 m from the
cubicle walls, and not underneath the table.

The taped sampling areas inside and outside the cubicle
were vacuumed with the HVS3 four times for periods between
1.8 min and 3.8 min. Samples were also collected from the
inside fleecy surfaces of the cubicle walls in 15 locations
(15 cm $ 20 cm templates) using an open-faced endotoxin-
free cassette (five passes for each location, for a total of 75
samples).

In the second or “cleaning” phase, the space was thoroughly
vacuumed across all areas with a Eurovac HEPA vacuum
(Euroclean 930-H; Nilfisk Advance, Toronto, Canada). Perfor-
mance verification consisted of introducing dioctyl phthalate
(DOP) as a challenge agent uniformly into the upstream side
of the HEPA and measuring the exhaust with a photometer to
verify that there is a 99.97% particle capture of 0.3-micron par-
ticles. The room-cleaning process was designed to proceed in
a manner similar to that of a standard mold remediation carried
out according to Canadian Construction Association Standard
82, Mould Guidelines for the Canadian Construction Industry,
2004 (http://www.cca-acc.com/documents/cca82/cca82.pdf).
This was done using an experienced biohazardous materials
company under contract to Health Canada.

The cleaning phase included the carpet, concrete floor,
ceiling, as well as the inside and outside cubicle walls, and
the drywall. There was often insufficient sample collectable to
allow for the full suite of data analysis or for multiple passes,
i.e., for the drywall and ceiling. Cleaning of the carpet was
performed three times on different occasions (Figure 1). Floor
dust samples were sieved into three fractions: !150 µm, 150–
300 µm, and >300 µm (stainless steel test sieve U.S. mesh
# 50 and # 100; meeting ASTM E-11 specifications, Fisher
Scientific, Ottawa, Canada) and weighed using a Sartorius
balance equipped with an antistatic device (A120-S 4; accurate
to 0.1 mg). All dust sample labels were encrypted such that the
various labs doing analysis were blinded as to origin or timing
of sample acquisition.

QPCR to Determine CFU Equivalents in Dust
Samples

Standard curves were created with the I-CAC-3 primer pairs
to relate CFU/g dust and PCR cycle number at threshold.
For this, 100 µL of distilled water containing a known titer
(109, 108, 107, etc., to 101 CFU) of DAOB 0200 was added
to 0.03 g of pre-release dust sieved to < 150 µm). DNA
was extracted (MoBio Soil DNA extraction kit, MediCorp,
Montreal, Quebec) and eluted in 25 µL of ddH2O, quantified
by spectrophotometry (Nanodrop, Wilmington, N.C.) and then
diluted up to 5$ to 1 ng/µL for use in real-time PCR.
Control experiments using dilutions of plasmid DNA made
with extracts of these dust DNA samples verified that the

Journal of Occupational and Environmental Hygiene October 2010 587

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
C
a
n
a
d
i
a
n
 
R
e
s
e
a
r
c
h
 
K
n
o
w
l
e
d
g
e
 
N
e
t
w
o
r
k
]
 
A
t
:
 
1
7
:
2
0
 
2
3
 
A
u
g
u
s
t
 
2
0
1
0



FIGURE 1. Dissemination of B. pumilus DAOB 0200 and subsequent sampling.

relationship between spectrophotometry OD260 readings and
DNA concentration was linear (R2 = 0.996) over a range
of DNA concentrations (0.4 – 62.5 ng/µL) relevant to these
experiments. The real time PCRs were performed in 20 µL
reactions [10 µL 10X SYBR Green Supermix, 1 µL 10 µM
I-CAC-3-F (5#-CACGCGTATTAGCACAGGAG-3#), 1 µL 10
µM I-CAC-3-R (5#-CATGAGCGAGCGTTTCCA-3#), 2 µL
of 1 ng/µL DNA] with initial denaturation at 95"C for 10 min,

followed by 40 cycles of 95"C 30 sec, 66"C 30 sec, 72"C 30
sec.

The five independently derived standard curves that were
obtained were nearly identical and therefore combined to
obtain a single standard curve relating cycle at threshold [C(t)]
and CFU/g dust: C(t) = %2.4138(log CFU/g dust) + 41.472
(R2 = 0.9). Based on standard curve QPCRs, the limit of
detection (LOD) in dust samples was !102 CFU/g. Below
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102 CFU/g, the strain could not be reliably detected in dust
by QPCR and subsequent gel electrophoresis. The limit of
quantification (LOQ) was !104 CFU/g, below which the strain
could not be accurately quantified in dust samples by QPCR.

DNA was extracted as described above from 0.03 g of pre-
and post-release sieved dust samples (>300 µm, 300–150
µm, <150 µm). DNA was eluted in 25 µL of ddH2O and
quantified by spectrophotometry as above. The DNA was then
diluted to &1 ng/µL for use in real-time QPCR with I-CAC-3
primers. The observed C(t) from QPCR was used to determine
target strain CFU/g dust using the standard curve. QPCR was
performed on at least four replicate DNA extractions with each
dust sample to obtain mean CFU values.

Analysis of Glucans in Environmental Samples
All glassware was depyrogenated by dry heat at 180"C for

12 hr. Dust samples (10 mg) were extracted by sonication
for 2.5 hr in 1 mL of 0.5 N NaOH at 25"C. The solutions
were neutralized to pH 7 with equal volumes of Tris-HCl at
twice the normality of the NaOH solution used. Environmental
samples were serially diluted with LAL reagent water (LRW
i.e., endotoxin-free) to give concentrations of 5.0, 2.5, 1.0, 0.5,
and 0.1 ng mL–1. Method and performance characteristics
of the modified LAL assay used for glucan quantification
were reported previously.(22–24) Briefly, 50 µL aliquots of each
sample dilution were added to a 96-well microplate followed
by 100 µL of reconstituted LAL reagent (Associates of Cape
Cod, Falmouth, Mass.). The plate was incubated at 37"C in a
block heater for 15 min, after which, the absorbance was read
every 5 min for 20 min using a SPECTRA-max microplate
spectrophotometer at 405 nm (340 PC; Molecular Devices
Corp., Sunnyvale, Calif.). Data output from the microplate
reader was viewed with SoftMax Pro (v. 4.8; Molecular
Devices) software.

The presented data represent analyses done in triplicate
with two replications. The limit of detection was 0.06 µg/g
dust. As part of the preparatory work for this project, method
performance experiments were performed similar to those in
Foto et al.(23) on the Glucatell test reagents. The two methods
gave similar values for 100 ng zymosan (modified LAL, 186.2
± 22.5 ng; Glucatell, 205.1 ± 45.3 ng; paired t-test, P =
0.615). Divided dust samples (<300 µm) analyzed by both
methods produced glucan values as curdlan equivalents that
were not significantly different. Arithmetic mean values for
the modified LAL method were 91.9 µg g–1 and for Glucatell:
90.2 µg g–1 (paired t- test, P = 0.797, n = 24).(25)

Endotoxin Analysis
Endotoxin concentrations in the dust were determined using

the LAL chromogenic method according to the manufacturer’s
instructions. The dust was extracted by adding 10 mg dust in
1 mL of 0.5 N NaOH. This was vortexed and then shaken on
a rotary shaker for 2.5 hr. The limit of endotoxin detection
in dust was 0.06 ng/g. Routine statistical tests as well as the
paired t-tests and ANOVA were performed using SYSTAT

FIGURE 2. Dust recovery from successive HEPA vacuuming.

(v. 12; San Jose, Calif.). The presented data represent analyses
done in triplicate with two replications.

RESULTS

Particle Size Characteristics During HEPA Cleaning
The first sampling with an HVS3 vacuum recovered

2824 mg/m2,while the fourth and final sampling recovered
746 mg/m2of dust from the carpet inside the cubicle walls
(Figure 2). Dust samples from the first cleaning contained
a greater mass of large (>150 µm) than small (<150 µm)
particles. This trend reversed as each successive cleaning
was performed. By the third cleaning, dust samples were
composed of a slightly higher mass of small particles than
large. The amount of dust recovered from the cubicle walls
was approximately an order of magnitude less than that from

FIGURE 3. Recovery of B. pumilus DAOB 0200 maximum
colony forming unit equivalents determined by QPCR with suc-
cessive HEPA vacuuming after test addition in the cubicle.
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TABLE I. Post-Release Glucan and Endotoxin Con-
centrations from HEPA Cleaning and Separation of
Dust Particles from In-Service Carpets

Glucan (µg/g) Endotoxin (µg/g)

>150 <150 >150 <150
Cleaning µm µm Total µm µm Total

1 214 194 408 10.0 14.2 24.2
2 134 147 281 10.4 8.3 18.7
3 25 172 197 8.8 5.7 13.5

the carpet, while the amount recovered from the ceiling was
two orders of magnitude less than that recovered from the
carpet.

Colony Forming Units, Glucan, and Endotoxin
Based on QPCR analyses, initial loads of B. pumilus DAOB

0200 equivalents in unspiked dust samples from the in-service
carpet were &1 $ 106 CFU/g. After contamination of the
area inside the cubicle with 1000 times the original load of
B. pumilus DAOB 0200 spores, recovery inside the cubicle
increased to 1.08 $ 109 ± 1.3 $ 108 CFU/g. CFU loadings
recovered outside the cubicle (3.08 $ 107 ± 4.2 $ 106 CFU/g)
were approximately two orders of magnitude less than
inside the cubicle and one order of magnitude above pre-
contamination concentrations. CFU abundances of ca. 2 $
106 CFU/g on the inside and outside cubicle walls were much
lower than in the carpet. Three HEPA cleanings recovered
92% ± 6% of the added bacterial spores, 81% ± 6% of which
were recovered on the first cleaning (Figure 3).

Glucan concentrations declined in the larger fraction
(>150 µm) but did not change in the fine dust fractions
(<150 µm) with successive cleanings (Table I). In contrast,
endotoxin concentrations were similar in the three samples
from the larger fraction but declined with each successive
cleaning for the fine dust fraction (Table I). When cumulative
reductions of the well-understood measures of glucan and
endotoxin are considered, the transformed values of glucan
and endotoxin were highly correlated (r2 = 1.000, P = 0.025).
Corelation between cumulative reductions of CFU to glucan
was significant (r2 = 1.000, P = 0.035). Cumulative reductions
of CFU and endotoxin were also correlated and marginally
significant in the context of small field studies (r2 = 1.000, P
< 0.10). Recovery of glucan was consistent with each cleaning,
i.e., the curve reflecting the rate of increase with each cleaning
was shallow (Figure 3). For endotoxin, the curve reflecting the
recovery with each cleaning was steeper.

DISCUSSION

V arious researchers have commented on the need for
information on the LOD and LOQ of detection methods

used when assessing the value of molecular methods for
determining microorganisms.(3) In this study, the limit of
detection of the QPCR methods was !102 CFU/g. Saikaly et
al.(26) report sensitivities based on real-time PCR in a similar
range, 10 to 102 CFU/g, depending on strain. These authors
used “synthetic building debris” for their experiments, which
is much less microbiologically and chemically complex than
settled dust. The LOD and LOQ for culturable sampling in
settled dust does not seem to be reliably known.(27,28) In
the absence of typical values, the culturable cell LOD from
dilution plating of 1 g dust, assuming 100% recovery, cannot
be less than 103 CFU/g.(29)

The in-service, regularily maintained carpet contained a
large dust burden (> 31,680 mg/m2) to start, of which a slight
majority of the dust mass contained particles that were <150
µm in size. Compared with the carpet, the ceiling and cubicle
walls harbored comparatively little dust (0.1% and 10%,
respectively). Four cleanings were effective in reducing the
fine dust burden in the carpet from &3300 to 500 mg/m2(data
not shown) but were not sufficent in reaching loads to as low
as reasonably achievable,(4,18,19) i.e., 30–100 mg/m2.

Similar quantities of dust were recovered using both the
Eurovac and HVS3 sampler (±14%). It appears that little
resuspension (&1%) of the bacteria occurred after the initial
distubution inside the cubicle, as comparatively few CFUs
were found in the carpet outside the cubicle or on the cubicle
walls at the first cleaning. By the final cleaning, however, CFU
concentrations inside and outside the cubicle were similar and
within an order of magnitude of original concentrations (data
not shown). The greater part of CFU recoveries were, by an
order of magnitude, from the smallest dust particle fraction
(<150 µm). Three cleanings with a Eurovac were able to
reduce the initial DAOB 0200 bacterial load by 92% + 6%,

FIGURE 4. Cumulative recoveries of endotoxin, glucan, and B.
pumilus colony forming unit equivalents determined by QPCR from
successive cleanings with a HVS3 sampler. Note: Because of
debris in the first >300 µm sample, variance of these analytes
in the first sample was large and is not shown.
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where 81% + 6% of the initial dispersed amount was recovered
in the first cleaning.

Glucan concentrations declined in the larger fraction (>150
µm) and were stable in the fine dust fraction (>150 µm).
Concentrations did not change with cleaning, which is typical
for fungal materials in dust;(4,22,30) whether there is 1 mg
of dust/m2 or 1000 mg/ m2, glucan concentrations do not
generally change. Glucan and endotoxin recoveries from the
in-service carpet were correlated; however, the rate of increase
is different (Figure 4). The pattern of CFU and endotoxin
recovery is similar (and with a similar trend; Figure 4), which
supports the pattern indicated by the QPCR data. This pattern
of reduction with each pass of endotoxin recovery occurs
because soil and the finest particles penetrate into carpet more
efficiently than coarser particles.

As cleaning progresses, the fine particles are removed from
deeper in the carpet. However, given the timing and mode of
dispersal, DAOB 0200 cells may have been distributed more
abundantly in the surface regions of the carpet in comparison
with bacterial endotoxin. Glucan was correlated with CFU
recovery, and the recovery trend was similar to that reported for
viable counts of fungi in carpet dust.(30) This implies that the
particle size of the fungal glucan present is different from that
of endotoxin-bearing bacteria. It is possible that if the sampling
had reduced the dust loading to as low as can reasonably
be achieved (see above), the endotoxin-CFU correlation may
have improved. Vertical distributions of different contaminants
in carpets are reported to vary considerably depending on
the size, density, and other characteristics of the specific
contaminant.(31–33)

CONCLUSIONS

C anter(2) outlined a decontamination process that included
a survey with sampling, the removal of sensitive items,

and HEPA vacuuming of all readily available surfaces prior
to biocide treatment. From the present work, we propose the
need to employ a combined culturable and QPCR method that
is capable of detecting the maliciously introduced strain in
samples of settled dust. This will permit rapid post-cleanup
evaluations and monitoring of any spread of the introduced
strain. Our work has shown the need to undertake repeated
HEPA vacuuming until a low, constant recovery of settled dust
is obtained prior to biocide treatment.

In addition, any subsequent removal of items as part of
the remediation process will result in much less resuspension
of the dust and reduce the risk of spreading the organism in
the building, hence reducing the risk to workers and limiting
the extent of contamination. This conclusion is based on both
the sensitivity of the analytical method discussed and from
the personal cloud effect.(4) Personal exposure to particulates
indoors is driven by the personal cloud around each person.
Personal exposure indoors to particulates as well as air sample
results are thus determined by mass loadings of dust and room
activity.(4,29,34–36)
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