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vessels does not significantly change the system proto-
cols or introduce any complications. Direct steam injec-
tion provides several benefits to the overall process and 
is equal in efficacy to the currently used method. 
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Abstract

 Studies have been conducted to determine the effi-
cacy of various decontamination technologies against 
virulent B. anthracis and surrogate spores within 
small, bench-scale chambers. This study assessed an 
approach for evaluating room-scale (~2,700 ft3) decon-
tamination efficacy of vaporous hydrogen peroxide fu-
migation against B. anthracis Ames and B. subtilis 
spores deposited onto porous and non-porous indoor 
surface materials. Approximately 1x108 colony-forming 
units (CFU) of B. anthracis and B. subtilis spores were 
dried onto galvanized metal and ceiling tile coupons 
and then exposed to vaporous hydrogen peroxide. The 
materials contaminated with B. anthracis spores were 
placed inside a Class III biosafety cabinet (BSC III) that 
circulated vaporous hydrogen peroxide from within the 
decontaminated room, into and out of the BSC III. Iden-
tical materials inoculated in the same manner and at 
the same density with B. subtilis were placed both 
inside and outside of the BSC III to compare decontami-
nation efficacy. Three fumigations were conducted us-
ing two sets of cycle parameters. The first set of cycle 

parameters for vaporous hydrogen peroxide exposure 
(10 minutes of conditioning at 12 g/min; 75 minutes of 
decontamination at 11 g/min) yielded log reductions in 
viable B. anthracis and B. subtilis spores ranging 
from 6.1 to 7.0 on all materials, while only 76% of 
the commercial biological indicators (1x106 CFU) evalu-
ated in parallel were completely inactivated. The sec-
ond set of cycle parameters (12 minutes of conditioning 
at 12 g/min; 104 minutes of decontamination at 
8 g/min) yielded log reductions in viable B. anthracis 
and B. subtilis spores ranging from 6.7 to 7.4 on all 
materials and complete inactivation of biological indica-
tors. These results demonstrate this method as a viable 
approach to assess room-scale fumigant decontamina-
tion efficacy against B. anthracis Ames spores. 

Introduction 

 Since the intentional release of Bacillus anthracis 
spores in 2001 in the United States, studies have been 
conducted to determine the efficacy of various decon-
tamination technologies against B. anthracis spores, 
which have included liquids, gels, and fumigants. Of 
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these, fumigants (gases and vapors) are the preferred 
method for decontaminating large areas due to advan-
tages in distribution and the ability to interact with 
large, complex surfaces. An industry standard for years 
has been formaldehyde fumigation. This decontamina-
tion approach is efficacious against B. anthracis spores 
on porous and non-porous materials (Rogers et al., 
2007); however, when the formaldehyde is neutralized, 
it leaves behind a residue (hexamethylene tetramine) 
that requires additional clean-up efforts. Vaporous hy-
drogen peroxide, which was used to remediate the Hart 
Senate Suite in 2001, offers a cleaner, less toxic alterna-
tive to formaldehyde and is an accepted method for de-
contamination in the scientific, medical, and pharmaceu-
tical communities (Anderson et al., 2006; Boyce et al., 
2008; Dryden et al., 2008; Fichet et al., 2004; French et 
al., 2004; Heckert et al., 1997; Hillman, 2004; Johnston 
et al., 2005; Klapes & Vesley, 1990; Krause et al., 2001; 
Krishna et al., 2000; Otter & Budde-Niekiel, 2009; Otter 
& French, 2009; Otter et al., 2009; Rastogi et al., 2009; 
Rogers et al., 2009; Verce et al., 2008; Wagenaar & Sni-
jders, 2004). These studies using vaporous hydrogen 
peroxide provide efficacy data over a wide range of op-
erational and environmental conditions. However, there 
is a need to test and challenge the efficacy of fumigant 
decontamination technologies in larger room-scale envi-
ronments against various biological agents since most 
studies conducted to date have been on smaller-scale 
environments. 
 Laboratory-controlled decontamination testing of 
vaporous hydrogen peroxide at room-scale has been 
conducted using surrogates for B. anthracis spores or 
other biological select agents (Hall et al., 2007; Kahnert 
et al., 2005; Otter & French, 2009). Using a 317 L cham-
ber, vaporous hydrogen peroxide was shown in previous 
studies to be efficacious against B. anthracis, B. subtilis,
and G. stearothermophilus spores in which statistical 
differences were observed between B. anthracis and 
surrogate spores on porous and non-porous materials 
(Rogers et al., 2005). The efficacy of vaporous hydrogen 
peroxide has also been demonstrated against two viru-
lent strains and one avirulent strain of B. anthracis 
within a 15,000 L chamber (Rogers et al., 2009). How-
ever, potential challenges are associated with switching 
from a bench-scale approach to a room scale, such as 
controlling environmental conditions, material compati-
bility, and achieving sufficient fumigant concentrations 
necessary to inactivate microorganisms. Such complexi-
ties could potentially confound the utilization of efficacy 
data derived from bench-scale tests for making informed 
decisions regarding the decontamination of rooms or 
buildings. This prompts a growing need to test and gen-
erate more efficacy data using fumigant decontamina-
tion technologies in large room-scale environments. 
Therefore, the purpose of this study was to demonstrate 
a safe approach to conducting controlled room-scale 
fumigant decontamination studies to assess the efficacy 

of vaporous hydrogen peroxide against B. anthracis 
Ames spores. 

Materials and Methods 

Test Organisms 
 All phases of testing were performed under biosafety 
level 3 (BSL-3) conditions. Virulent B. anthracis Ames 
spores were prepared in a fermentor as previously de-
scribed (Rogers et al., 2005). The B. subtilis (ATCC 
19659) spores were prepared using a shaker flask 
method as previously described (Rogers et al., 2006). 
The purified spore preparations were resuspended in 
sterile water and evaluated by phase-contrast micros-
copy. Preparations having >95% refractile spores with 
<5% cellular debris were enumerated, diluted to approxi-
mately 1x109 CFU/ml and stored at 2º-8ºC. 
 Stainless steel biological indicators (BI) (Raven Labs, 
Omaha, NE) inoculated with ~1x106 B. atrophaeus 
spores packaged in Tyvek were used to qualify the fumi-
gant distribution and efficacy of the decontamination 
cycle parameters. 

Test Materials and Chamber 
 Galvanized metal and ceiling tile test materials 
(1.9 cm x 7.5 cm) were selected to represent non-porous 
and porous surfaces, respectively. Each test material 
was inspected for defects and appearance before and 
after decontamination to aid in determining material 
compatibility with the fumigant. Additionally, 16 hydro-
gen peroxide chemical indicator (CI) strips NB305 
(STERIS Corporation, Mentor, OH) were located through-
out the room, including three located within the BSC 
III (Figure 1). These indicators were used to qualify a de-
contamination cycle within the enclosure by indicating 
exposure to hydrogen peroxide. 
 The experiments were conducted in a 2,727 ft3

(77.2 m3) BSL-3 laboratory. The room contained a 1,680 
ft3 (47.6 m3) bioBubble® (The Colorado Clean Room 
Company, Ft. Collins, CO) possessing four HEPA-filtered 
blower units that maintained negative pressure with ap-
proximately 100 air exchanges per hour. The bioBubble®

is a soft-walled enclosure constructed of 16 mil clear 
vinyl walls stretched over a 3.18 cm tubular aluminum 
frame. The vinyl walls connect using hook and loop 
seams. A 27 ft3 Class III biosafety cabinet (BSC III) (The 
Baker Company, Sanford, MA) was placed within the 
room and outside the bioBubble® which circulates vapor-
ous hydrogen peroxide from the laboratory air into and 
out of the enclosure through HEPA filters at the rate of 
100 cubic feet per minute (CFM). In addition to the four 
bioBubble® blowers, six circulation fans were placed 
throughout the room to aid in distribution of the vapor 
(Figure 1). Injection and return ports to the laboratory 
were not available; therefore, a Plexiglas “false door” 
was constructed to cover the doorway opening that was 
modified with ports to accommodate the inlet and return 
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lines to the Steris VHP® 1000 (Figure 1). 
 Test materials (N=3 per material) were inoculated 
with 100 µL of a 1x109 CFU/ml suspension of B. an-
thracis or B. subtilis, resulting in ~ 1x108 CFU/test mate-
rial. This was accomplished using a multichannel pipette 
that dispensed two rows of five droplets (10 µL per drop-
let). These materials were allowed to dry within a BSC III 
for approximately 8 hours before initiating the decon-
tamination cycle. Prior to decontamination, three test 
materials of each type were inoculated with B. anthracis 
and B. subtilis and corresponding un-inoculated blanks 
(N=1) were transferred into the test chamber BSC III. 
Three additional galvanized metal coupons inoculated 
with B. subtilis (and one blank) were placed adjacent 
to and outside the BSC III to compare a potential differ-
ence in decontamination efficacy between the laboratory 
room and the BSC III. A total of 50 BI were placed within 
the laboratory of which three were placed inside the 
BSC III (Figure 1). In parallel, three control coupons 

(inoculated, not decontaminated) and one blank (not 
inoculated, not decontaminated) of each material type 
and organism were transferred into a Plaslabs model 
830-ABC compact glove box control chamber (Plaslabs 
Inc., Lansing, MI) that was maintained at ambient tem-
perature and relative humidity for the duration of the 
decontamination cycle. 

Decontamination Procedure 
 A Steris® series 1000 VHP® generating unit, which 
uses 35% hydrogen peroxide (Vaprox®; STERIS® Corpora-
tion) to generate the vapor within the target enclosure, 
was used to decontaminate the laboratory. This genera-
tor performs and controls four phases during the sterili-
zation cycle: dehumidification, conditioning, decontami-
nation, and aeration. During the dehumidification phase, 
the unit removes moisture from the enclosure to a de-
fined set point prior to the injection of 35% hydrogen 
peroxide. The conditioning phase promotes a rapid in-

Figure 1 
Test material, biological and chemical indicator placement. 
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crease in hydrogen peroxide levels within the enclosure 
over a relatively short amount of time (e.g., 10 minutes). 
The decontamination phase has a reduced injection rate 
that maintains the vaporous hydrogen peroxide concen-
tration (achieved during conditioning) over an extended 
period of time (e.g., 75 minutes). Aeration, in which the 
vaporous hydrogen peroxide is circulated through HEPA 
filters and a catalytic converter for neutralization, is initi-
ated once the programmed decontamination time has 
concluded. 
 Three fumigations were conducted using two sepa-
rate sets of cycle parameters (Table 1). The first set of 
cycle parameters was established by following the Cycle 
Development Guide for VHP® Biodecontamination Sys-
tem Products (STERIS Corporation). Cycle parameters for 
subsequent runs were adjusted based on data obtained 
from the first set of cycle parameters. Prior to the initia-
tion of the decontamination cycle, the HVAC to the room 
was shut down to prevent the vaporous hydrogen perox-
ide from exhausting from the laboratory. Each run was 
initiated at the end of the workday and cycle parameters 
run in order as outlined in Table 1 and allowed to run 
overnight. The following morning the HVAC was re-
opened and the room was allowed to conclude the 
aeration process to below 1 ppm hydrogen peroxide. 
These concentrations were measured using a low level 
Dräeger monitor (Dräeger Safety, Inc., Pittsburgh, PA). 
The temperature and relative humidity (RH) were moni-
tored using a HOBO data logger (Onset Computer Corpo-
ration, Pocasset, MA). 

Sample Processing 
 Following the aeration phase of the decontamination 
cycle, the test coupons, biological indicators, and chemi-
cal indicators were removed from the laboratory. The 
galvanized metal and ceiling tile test coupons were 
placed in 50 ml conical tubes containing 10 ml of sterile 
phosphate buffered saline (Sigma, St. Louis, MO) contain-
ing 0.1% Triton X-100 (Sigma). The spores were extracted 
via agitation at 200 rpm on an orbital shaker for 15 min-
utes at room temperature. Following extraction, 1.0 ml of 

each extract was removed and tenfold serial dilutions 
were prepared in sterile water. A quantitative assessment 
of each sample was determined by dilution plating where 
100 µl of the undiluted extract and each serial dilution 
were plated onto tryptic soy agar (TSA) (Hardy Diagnos-
tics, Santa Maria, CA) plates in triplicate, allowed to dry, 
and incubated for 18-24 hours at 37°C. Following incu-
bation, the plates were enumerated and CFU/ml was 
determined by multiplying the average number of colo-
nies per plate by the reciprocal of the dilution. Data were 
then expressed as the mean ± SD of the total CFU. 
 All biological indicators were aseptically transferred 
into 15 ml tubes containing 10 ml of tryptic soy broth 
(Remel, Lenexa, KS), gently agitated, and incubated at 
37°C. Samples were assessed for growth (turbid culture) 
or no growth (clear culture) at 1 day and 7 days. Chemi-
cal indicator strips were visually assessed for a color 
change, indicating the presence of hydrogen peroxide. 

Results 

 Three decontamination runs were completed with 
vaporous hydrogen peroxide in which the decontamina-
tion phases included 85 minutes (run 1) or 116 minutes 
(runs 2 and 3) delivering approximately 945 g and 976 g 
of hydrogen peroxide, respectively. The total cycle time 
for each replicate run, including dehumidification, condi-
tioning, decontamination, and aeration phases, totaled 
approximately 17 hours. From the initiation of the run, 
temperature and RH levels increased from 18.6°C and 
38.5% RH to 33.9°C and 95.8% RH at the end of the 
decontamination phase. This increase in temperature 
may have resulted from the approximate 60°C delivery 
temperature of the vaporous hydrogen peroxide into the 
room in which the environmental controls for air flow 
and conditioning had been turned off. Temperature and 
relative humidity levels returned to normal conditions 
(~20°C and ~42% RH) following the aeration phase. 
Figure 2 provides a representative graph of temperature 
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Table 1 
Vaporous Hydrogen Peroxide Decontamination Parameters 

aCFM = cubic feet per minute 

Dehumidification Conditioning Decontamination Aeration 
Flow
Rate

(CFMa)

H2O2
mg/L
(%RH) 

Duration 
(min) 

Flow 
Rate

(CFM) 

Injection 
Rate

(g/min) 

Duration 
(min) 

Flow
Rate 

(CFM) 

Injection 
Rate

(g/min) 

Duration 
(min) 

Flow
Rate

(CFM) 

Test Run 
#1 20 6.9 (30) 15 20 12 10 20 11 75 20

Test Run 
#2 20 6.9 (30) 15 20 12 12 20 8 104 20

Test Run 
#3 20 6.9 (30) 15 20 12 12 20 8 104 20
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and relative humidity within the laboratory for the dura-
tion of each experimental run. 
 For all three decontamination runs, visual inspection 
of the CIs revealed that all 16 were positive for color 
change, indicating exposure to the vaporous hydrogen 
peroxide. The unexposed control CIs located in the ante-
room exhibited no color change. For test 1, 12 out of 50 
(24%) BIs were positive for growth at 1 day and 7 days 
(Table 2). Replicate tests 2 and 3 resulted in 0 out of 50 
BIs exhibiting growth at 1 day and 7 days (Table 2). For 
all three decontamination runs, all positive control BIs 
exhibited growth; the negative control tubes exhibited no 
bacterial growth at 1 day and 7 days (Table 2). A sample 
of each positive test carrier was plated onto TSA to con-
firm the identity and homogeneity of the test organism. 
 Test materials contaminated with B. anthracis Ames 
and exposed to vaporous hydrogen peroxide resulted in 
complete inactivation and log reductions ranging from 
6.7 to 7.0 on ceiling tile and 7.0 to 7.1 on galvanized 
metal (Tables 3 and 4). Test materials contaminated 
with B. subtilis and exposed to vaporous hydrogen perox-
ide exhibited log reductions ranging from 6.1 to 7.4 on 
galvanized metal (inside BSC III), 6.6 to 7.4 on galva-
nized metal (outside BSC III), and 6.8 on ceiling tile 
(Tables 3 and 4). Viable test organisms were not recov-
ered from any of the blank (uninoculated) test materials. 
Upon visual inspection, no physical damage was ob-
served for the hydrogen peroxide-exposed coupons. 

Discussion 

 This study provides a new approach for room-scale 
decontamination of biological select agents using vapor-
ous or gaseous decontaminants. The inactivation data 

for B. anthracis Ames spores presented here resulted 
from an iterative process of establishing vaporous hydro-
gen peroxide decontamination cycle parameters for an 
approximately 2,700 ft3 laboratory. The method outlined 
in this study provides a safe and controlled approach 
to test whether or not established decontamination pa-
rameters are effective for inactivating biological agents 
on different types of material surfaces. Previously, room-
scale or larger decontamination studies have targeted 
non-select agents, such as methicillin-resistant Staphylo-
coccus aureus, Acinetobacter spp., Klebsiella pneumo-
nia, Mycobacterium tuberculosis, Clostridium difficile,
bacteriophages, and fungi (Andersen et al., 2006; Boyce 
et al., 2008; Dryden et al., 2008; French et al., 2004; 
Grare et al., 2008; Hall et al., 2007; Hall et al., 2008; 
Kahnert et al., 2005; Luftman et al., 2006; Otter & 
Budde-Niekiel, 2009; Otter & French, 2009; Otter et al., 
2009). In response to the 2001 anthrax attacks, the 
inactivation of B. anthracis spores by fumigants was 
performed by decontaminating spaces having volumes 
ranging from approximately 8,300 ft3 to 14 million ft3

(Canter et al., 2005). However, most of the laboratory 
testing of fumigant decontaminants against biological 
select agents (e.g., B. anthracis, Francisella tularensis,
Yersinia pestis) has been conducted using bench-scale 
chambers ranging from approximately 300 L to 1,275 L 
(Rogers et al., 2005; Rogers et al., 2007; Rogers & Choi, 
2008; Rogers et al., 2008). 
 In this study, the efficacy data from decontamina-
tion run 1 using the first set of cycle parameters (Table 
1) show inactivation of both B. anthracis Ames and 
B. subtilis on all test materials inside the BSC III as well 
as B. subtilis on galvanized metal in the room (outside 
the BSC III) to a level of 6.1 logs. All of the CIs within 
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Figure 2 
Laboratory representative temperature and relative humidity. 
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Biological Indicators 
(No. positive/No. tested) 

Chemical Indicators 
(No. positive/No. tested) 

Day 1 Day 7 Negative 
Control 

Positive 
Control 

Vaporous Hydrogen 
Peroxide Exposed Negative Control 

Test Run #1 12/50 12/50 0/3 1/1 16/16 0/1

Test Run #2 0/50 0/50 0/3 1/1 16/16 0/1

Test Run #3 0/50 0/50 0/3 1/1 16/16 0/1

Table 2 
Biological and Chemical Indicator Results 

Treatment Organism Mean Total Recovered 
Spores ±SD (N=3) Mean Log Reduction 

Ceiling Tile Control B. anthracis 1.07 ± 0.22 x 107 -

Galvanized Metal Control B. anthracis 9.78 ± 0.33 x 106 -

Ceiling Tile Decon B. anthracis 0  7.03 

Galvanized Metal Decon B. anthracis 0  6.99 

Ceiling Tile Control B. subtilis 6.24 ± 3.57 x 106 -

Galvanized Metal Control B. subtilis 4.04 ± 0.32 x 106 -

Ceiling Tile Decon B. subtilis 0  6.80 

Galvanized Metal Decon B. subtilis 0  6.10 

Galvanized Metal Decon (outside BSC III) B. subtilis 0  6.61 

Table 3 
Vaporous Hydrogen Peroxide Decontamination of B. anthracis
and B. subtilis on Porous and Non-porous Surfaces Test Run 1 

Treatment Organism Mean Total Recovered 
Spores ±SD (N=6) Mean Log Reduction 

Ceiling Tile Control B. anthracis 6.51 ± 3.93 x 106 -

Galvanized Metal Control B. anthracis 1.75 ± 1.36 x 107 -

Ceiling Tile Decon B. anthracis 0  6.74 

Galvanized Metal Decon B. anthracis 0  7.10 

Ceiling Tile Control B. subtilis 5.68 ± 1.21 x 106 -

Galvanized Metal Control B. subtilis 2.95 ± 1.75 x 107 -

Ceiling Tile Decon B. subtilis 0  6.75 

Galvanized Metal Decon B. subtilis 0  7.39 

Galvanized Metal Decon (outside BSC III) B. subtilis 0  7.39 

Table 4 
Vaporous Hydrogen Peroxide Decontamination of B. anthracis and
B. subtilis on Porous and Non-porous Surfaces Test Runs 2 and 3 
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the BSC III changed color, indicating positive exposure to 
vaporous hydrogen peroxide. These results suggest: (1) 
the vaporous hydrogen peroxide introduced into the 
room is being circulated from the room into the BSC III 
as intended; and (2) the relative concentration of vapor-
ous hydrogen peroxide in the room and BSC III yielded 
comparable levels of spore inactivation. However, for 
this first run complete inactivation of all BIs (Table 2) in 
which the BIs exhibiting positive growth were located 
at positions within the room that were expected to pos-
sess reduced or minimal air circulation (see locations 
in Figure 1), such as on the wall behind the laboratory 
door (BIs #2, 5), in between the bioBubble® and the 
wall/ceiling (BIs 15, 26), on the inside wall of the 
bioBubble® (BIs #28, 31, 34, 35), inside a bioBubble®

exhaust flue (BI #18), and in and around the BSC III (BIs 
#44, 46, 49), was not achieved. Since most of the BIs 
yielding positive growth were in close proximity to the 
bioBubble®, possibly an additional factor contributing 
to this lack of BI inactivation could be due to absorption 
of vaporous hydrogen peroxide by the large plastic 
covering of the bioBubble®. This could potentially lead 
to a decrease in the local and total room concentration 
of vaporous hydrogen peroxide, thus affecting decon-
tamination efficacy. When switching from laboratory-
scale to room-scale testing, factors that could impact 
the final efficacy results must be considered. These can 
include controlling temperature, relative humidity, ability 
to seal the room, achieving/maintaining target decon-
taminant concentration, and the complexity of the struc-
tural materials. Material compatibility issues need to be 
considered as vaporous/gaseous decontaminants can 
partition into or react with different materials within the 
containment space, thereby reducing the available de-
contaminant concentration and ultimately affecting mi-
crobial inactivation. Such partitioning or potential reac-
tion with materials by vaporous hydrogen peroxide has 
been described previously for Plexiglas® (Baron et al., 
2007) and metal ductwork (Verce et al., 2008). There-
fore, based on the findings from decontamination run 
1, adjustments to the cycle parameters were made to 
extend the initial injection time of hydrogen peroxide 
from 10 minutes to 12 minutes, lower the decontamina-
tion injection rate from 11 g/min to 8 g/min, and extend 
the overall contact time (conditioning plus decontamina-
tion) from 85 minutes to 116 minutes. The changed 
parameters were confined to the limits of the VHP®

1000 capacity of approximately 1,000 g of total hydro-
gen peroxide delivery. The subsequent two runs imple-
menting these adjustments resulted in the inactivation 
of spores inoculated on test materials and complete 
inactivation of all BIs throughout the room and inside the 
BSC III, indicating the second set of decontamination 
parameters were the most efficacious. 
 Fumigation technologies often rely on theoretical 

calculations for determining the final decontaminant 
concentration within the targeted fumigation space 
without directly measuring the decontaminant to verify 
or confirm these values. This can be problematic when 
conducting decontamination runs in large spaces filled 
with different material types (e.g., plastics), spaces that 
cannot be completely sealed (e.g., HVAC exhaust), or 
chemicals that break down in the presence of various 
environmental conditions (e.g., chlorine dioxide degrada-
tion in light). The VHP® 1000 used in this study does not 
monitor vaporous hydrogen peroxide concentrations in 
real time; this decontamination system injects a known 
quantity of hydrogen peroxide over a specified length 
of time. The ability to monitor and maintain fumigant 
concentrations throughout a decontamination cycle 
seems to be a critical component to achieving consistent 
biological inactivation. This is especially important when 
potential material compatibility issues reduce actual 
concentrations compared to theoretical calculations. 
One important factor in implementing the decontamina-
tion approach, described in this study using a recirculat-
ing BSC III inside a laboratory undergoing fumigation, is 
determining whether the decontaminant concentration 
in the BSC III is similar to or equivalent to that of 
the fumigated laboratory. Therefore, further investigation 
applying the approach described in this paper could 
utilize real-time hydrogen peroxide sensors both inside 
the laboratory and BSC III that would allow for a direct 
comparison of hydrogen peroxide concentrations, ena-
bling a better understanding of the decontamination 
profile and chemical stability throughout the cycle. 
 This method will provide end-users, technology de-
velopers, and regulatory agencies the opportunity to 
investigate the efficacy of fumigant decontamination 
technologies against various select agents while chal-
lenging them with all the complexities of room- or 
building-scale decontamination. Previous bench-scale 
decontamination studies have established benchmarks 
for efficacy of decontamination for many fumigation 
technologies; however, more studies are needed to 
generate larger-scale decontamination efficacy data. 
Building size, material complexity, as well as other 
factors, may directly impact the technology selected or 
the manner in which that technology is implemented 
to successfully conduct the decontamination. Confi-
dence in the ability of fumigants to inactivate spores and 
other persistent threat agents requires the establish-
ment of efficacy data for these targeted select agents 
in room- and building-scale environments. 
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