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Foreword
Fire fighter exposure to personal protective equipment (PPE) that is dirty, soiled, and contaminated is an increasing concern for long-term fire fighter health. Cancer and other diseases resulting from chronic exposures has become a leading
issue and is presumed to be associated with fireground exposures relating to protection/hygiene practices and persistent
harmful contamination found in fire fighter PPE.
While general cleaning procedures have been established in NFPA 1851, Standard on Selection, Care, and Maintenance of Protective Ensembles for Structural Fire Fighting and Proximity Fire Fighting, there are no requirements
that demonstrate whether current cleaning practices will adequately remove contaminants from fire fighter PPE. Many
manufacturer gear cleaning recommendations are vague and most cleaning product/process claims are unsubstantiated
regarding contaminant removal effectiveness. Prior studies have identified persistent chemical and biological contaminants
in structural firefighting PPE. Therefore, industry methodologies and practices are needed that can promote safe cleaning
techniques so that fire fighters are not continually exposed to unclean or inadequately cleaned gear. It also important to set
cleanliness criteria for the continued use of fire fighter protective clothing.
This project has established a relevant and credible procedure to validate “how clean is clean?” for fire service contaminated gear, and in doing so has addressed the primary goal of reducing fire fighter exposure to harmful contaminants in
PPE. This includes the establishment of a repeatable and reproducible standardized method that can be used to determine
the decontamination effectiveness of cleaning methods, and establish the needed fire service guidance for maintaining
contaminant-free PPE as well as show that cleaning processes do not damage clothing. The project deliverables directly
support efforts to update NFPA 1851 and other information that ensures consistent, effective cleaning processes of fire
service gear.
This report is part eight of a nine-part series on this topic of “PPE Cleaning Validation”, with this part titled “Supplement G: Report of Biological Contamination, Extraction, and Analysis Procedures”. The following are all the reports in
this series:
1.
2.
3.
4.
5.
6.
7.
8.
9.

Master Report
Supplement A: Annotated Bibliography
Supplement B: Preliminary Work for Assessing PPE Cleaning Procedures
Supplement C: Investigation of Simulated Fire Ground Exposures
Supplement D: Evaluation of Outer Shell Liquid Retention Properties
Supplement E: Report of Semi-Volatile Organic Chemical Contamination, Extraction, and Analysis Procedures
Supplement F: Report of Heavy Metals Contamination, Extraction, and Analysis Procedures
Supplement G: Report of Biological Contamination, Extraction, and Analysis Procedures
Supplement H: Evaluation of Microbial Cleanliness of Selected ISP Advanced Cleaning Procedures
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Abstract
Fire fighter exposure to personal protective equipment (PPE) that is dirty, soiled, and contaminated is an increasing concern
for long-term fire fighter health. Cancer and other diseases resulting from chronic exposures has become the leading industry
issue, and are presumed to be associated with fireground exposures relating to protection/hygiene practices and persistent
harmful contamination found in fire fighter PPE.
While general laundering procedures have been established in NFPA 1851, Standard on Selection, Care, and Maintenance of Protective Ensembles for Structural Fire Fighting and Proximity Fire Fighting, there are no requirements that
demonstrate whether current cleaning practices will adequately remove contaminants from fire fighter PPE. Many manufacturer gear cleaning recommendations are vague and most laundering product/process claims are unsubstantiated regarding contaminant removal effectiveness. Prior studies have identified persistent chemical and biological contaminants in
firefighting PPE. Therefore, industry methodologies and practices are needed that can promote safe cleaning techniques so
that fire fighters are not continually exposed to unclean or inadequately cleaned gear. It is also important to set cleanliness
criteria for the continued use of fire fighter protective clothing.
Project Aims: This project is positioned to achieve the overall goal of improving fire fighter safety and health by
reducing continuing exposure to harmful biological contaminants in unclean or inadequately cleaned PPE.
Based on addressing the cleaning needs of fire fighter PPE, project aims include:
1. Identification of Contaminants: Confirm identification and ability to characterize persistent biological contaminants in fire fighter PPE;
2. Establishment of Biological Contamination/Disinfection or Sanitization Procedures: Develop and validate
specific procedures that determine the effectiveness of laundering or disinfection/sanitization processes that
remove/deactivate biologically-based contaminants;
3. Creation of Overall Fire Service Guidance: Prepare clear and definitive information for the fire service industry (fire fighters, fire departments, clothing manufacturers, material suppliers, cleaning/care organizations, and
cleaning agent or equipment manufacturers) on appropriate approaches for properly cleaning fire fighter protective
clothing and equipment to remove chemical and biological contaminants to acceptable levels.

Introduction
While NFPA 1851, Standard on Selection, Care, and Maintenance of Protective Ensembles for Structural Fire Fighting and
Proximity Fire Fighting, includes general cleaning requirements, there is no verification that the established procedures,
often further modified by industry care providers, adequately remove contaminants from fire fighter PPE. Manufacturers
cleaning instructions are often not detailed and industry providers of equipment, cleaning agents, and processes have
not substantiated claims that cleaning is removing harmful contaminants. Moreover, the conservative limits on washing
parameters such as detergent pH and wash temperature in NFPA 1851 have not been validated and may in fact limit the
effectiveness of many possible cleaning approaches. Some research (1, 2) has shown cleaned clothing still contains significant quantities of persistent contaminants. Lastly, some cleaning procedures, which remove contaminants such as chlorine
bleach for microorganisms, damage clothing. Therefore, it is important that additional assessments be made to show that
cleaning procedures will not degrade clothing performance over time.
A key approach for bringing research to practice is to establish standards that can be used by the fire service industry
that set attainable requirements for meeting the ultimate goal, which in this case is to improve fire fighter health and safety
through improved, demonstrated, and effective cleaning and decontamination of PPE. To this end, the primary outputs of
this project are proposed changes to NFPA 1851 that better define cleaning parameters, provide procedures for the verification that cleaning procedures effectively remove contaminants, and demonstrate that selected cleaning techniques do not
prematurely degrade PPE performance.
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Supplement G: Report of Biological Contamination, Extraction, and Analysis Procedures

Biological Contamination of Textiles
Fire fighters serving as first responders frequently encounter a multitude of biological contaminants as part of their normal
duties. There is the ever present risk of bloodborne pathogens, particularly hepatitis and HIV, but also potential exposures to
influenza, severe acute respiratory virus, tuberculosis, anthrax, Ebola, etc. Little data showing typical levels of contamination
and persistence of biological contaminants on fire fighter turnout gear exist. However, there is a growing body of related
evidence showing that biological contamination of healthcare uniforms and scrubs can lead to increases in healthcare-acquired
infections. Multiple studies have shown that fabrics in hospitals can become contaminated with infectious (and potentially
antibiotic-resistant) organisms like Enterococcus spp. (including vancomycin-resistant enterococci), Staphylococcus aureus
(including methicillin-resistant MRSA), Clostridium difficile, and a variety of other viral, bacterial, and fungal organisms
(3–10). Also, research has shown that once microorganisms are deposited onto the textiles, they can remain viable for up to
several months (11). To reduce this contamination and reduce the likelihood of spreading infection to other hospital patients
or staff, proper handling and cleaning of the hospital fabrics is critical. The big question remains: How do we handle these
textiles safely and clean them effectively?
While many hospital workers take their uniforms and scrubs home for laundering, this practice has recently fallen
under scrutiny for its safety and efficacy. In France, there is documented evidence of healthcare workers infecting family
members with MRSA as a result of home laundering (12). A recent study has also shown that home laundering is inferior when it comes to reducing microbial contamination on textiles. It found that aerobic bacterial bioburden on “clean,”
home-laundered scrubs was significantly greater than the bioburden on scrubs that were facility-laundered or third party
commercially-laundered (13). In fact, the bacterial bioburden on the home-laundered scrubs was not significantly different than the bioburden on used scrubs (prior to laundering). On the other hand, facility- and commercial-laundering both
provided significant bioburden reductions over levels on worn scrubs (12). These results clearly show that the methods by
which garments are laundered have a significant impact on the effectiveness of microorganism removal or inactivation, and
ultimately the potential for spreading biological infections to other workers, patients, or family members.
These lessons on biological contamination of clothing can easily be applied to fire fighters and their turnout gear. While
properly cleaning and disinfecting hospital textiles is difficult, turnout gear poses an even tougher challenge because of its
thickness, multiple layers, reduced permeability and chemical treatment limitations. Currently, there are no approved test
methods to demonstrate the effectiveness of decontamination approaches and provide the scientific basis to verify procedures
used by fire departments are effective for cleaning their gear. Regardless, developing an effective test method to adequately
show removal or inactivation of biological organisms is critical in preventing unnecessary exposures and potential infections to fire fighters, coworkers, and their families. The fire service industry needs an established methodology that verifies
biological decontamination approaches that promote reliable cleaning techniques so that fire fighters are not unknowingly
exposed to contaminated gear.
State of the Art in Biological Disinfection
In the United States, sterilants, disinfectants, and sanitizers are regulated by the Environmental Protection Agency (EPA),
except for agents intended to be used on medical devices, which are regulated by the Food and Drug Administration (FDA).
The EPA defines a sterilant as destroying or eliminating all microbial life, while a disinfectant destroys all microbes with
the possible exception of bacterial spores, and a sanitizer greatly reduces but does not necessarily eliminate all microbes.
EPA guidelines (OCSPP 810.2400) and the American Society for Testing and Materials (ASTM) test methods (E1153,
E2274-03 and E2406-04) currently exist for testing the ability of disinfectants and sanitizers to treat fabrics and textiles
(14). For example, the EPA guidelines recommend that presoaking treatments be tested by inoculating unglazed ceramic
tile with the test organisms and immersing them in the disinfectant. For laundry additives, the EPA guidelines call for fabric
swatches to be inoculated and washed with the disinfectant included. In both cases, the microorganism carriers are then
transferred to a tube of culture media containing a neutralizer for the disinfectant, incubated for 48 hours, and then examined
for bacterial growth. The recommended test organisms for fabrics and textiles are Klebsiella pneumoniae, Staphylococcus
aureus, and Pseudomonas aeruginosa.
The EPA also specifies surrogate microorganisms that can be used as substitutes for certain human pathogens such as
hepatitis B and C and norovirus. The EPA guidelines do not include testing using bacterial spores, since disinfectants are
not necessarily guaranteed to kill spores (bacterial spores are generally more difficult to inactivate than vegetative bacteria
or viruses). However, Clostridium difficile is a Gram-positive spore-forming bacteria that is of increasing concern in the
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healthcare community; thus, some consideration may need to be given to sporicidal activity as well. The EPA guidelines
for sterilants call for general sporicidal testing to be conducted using Bacillus subtilis and Clostridium sporogenes, but also
calls for Clostridium difficile to be tested if the sterilant will be claimed to be effective against it.
Development of Biological Test Methods
The EPA guidelines and ASTM test methods provide a useful starting point for developing a test method for fire fighter
PPE. However, the EPA guidelines appear to be designed for relatively thin single-layer fabrics such as lab coats, surgical
scrubs, and bed sheets, from which it is relatively easy to extract microorganisms (14–16). Fire fighter PPE is thicker,
multi-layered, and less permeable than these fabrics, which make it much more difficult to recover test bacteria and viruses.
Because of the size and thickness of the PPE, it is likely impractical to soak the entire ensemble with the test organism.
One option for testing intact PPE would be to inoculate fabric swatches and attach them onto the PPE, similar to the EPA
guidelines. However, it would be necessary to prevent the microorganisms from simply being dispersed throughout the
PPE rather than inactivated, which could provide a false indication that the disinfection method is working properly. Thus,
it may be necessary, for example, to enclose the test swatch in an envelope of some type that will admit the disinfectant but
not allow the microorganisms to escape.
Survival of S. aureus Turnout Gear after Commercial Washing
Methicillin-resistant Staphylococcus aureus (MRSA) has been identified on the outer shell of fire fighters’ turnout gear
jackets, suggesting that contaminated gear may be an indirect transmission source. Staphylococcus aureus is an opportunistic
bacterial pathogen that can cause a diversity of medical complications ranging from skin infections to sepsis, pneumonia,
and death (17). Antibiotic treatment of methicillin sensitive S. aureus (MSSA) strains typically resolves infection. However,
resistance to β-lactam antibiotics such as penicillin, amoxicillin, and methicillin, has given rise to the emergence of MRSA.
The Centers for Disease Control and Prevention (CDC) estimates that MRSA caused over 80,000 infections and 11,285 deaths
in the United States in 2011 (18). Infection by MRSA is further classified into hospital-associated MRSA (HA-MRSA) and
community-acquired MRSA (CA-MRSA). While both variants are capable of causing severe infection, in recent years, the
frequency of CA-MRSA infections have become a significant health burden in the United States. Interestingly, a 2014 field
study found that fire station surfaces were positive for MSSA (82%) and MRSA (58%) (19). Furthermore, despite cleaning
following exposure to bloodborne and/or airborne pathogens, Roberts et al. (19) found the outer shells of fire fighter turnout
gear to be positive for MSSA (5.9%) and MRSA (9.6%). These results suggest that soiled and/or improperly cleaned turnout
gear may indirectly transmit S. aureus. It has been demonstrated that staphylococci bacteria can survive for months (>90 days)
after drying on hospital linens (20), and even up to seven months on surfaces (21), increasing the likelihood of indirect transmission in communal living areas, such as fire stations, and placing fire fighters at an elevated risk for S. aureus infection.
In accordance with the NFPA 1851 Standard on Selection, Care, and Maintenance of Protective Ensembles for Structural
Fire Fighting and Proximity Fire Fighting, it is recommended that fire fighting turnout gear be frequently laundered (22).
Moreover, the NFPA 1851 provides guidelines on cleaning turnout gear with antimicrobials while maintaining fabric integrity. Sanitizers, which must reduce bacterial counts by 99.9% (3 log10) on soft surfaces such as textiles and fabrics (14), are
commonly used in the laundering of fire fighter turnout gear as well as uniforms from emergency response services. When
evaluating sanitizer efficacy, simulated tests such as the Association of Official Analytical Chemists (AOAC) antimicrobial
laundry additive test (23) are outlined by the Environmental Protection Agency (24) (DIS/TSS-13). Likewise, according to
the American Society for Testing Materials (ASTM) International Test Method for Evaluation of Laundry Sanitizers and
Disinfectants (25), bactericidal activity of an antimicrobial agent is determined by its capacity to irreversibly inactivate a
certain number of microorganisms in a given period of time. To prevent microbial inactivation beyond the tested exposure
time, a chemical neutralizer must be validated in parallel with the investigated sanitizer or disinfectant (26).
Using the methods outlined in the ASTM E2274 and E1054, the purpose of this study was to (1) evaluate the bactericidal activity of a selected industry sanitizer positioned specifically for fire fighter clothing (Sanitizer A) against S. aureus,
Klebsiella pneumoniae and Bacillus subtilis contamination on three commonly used outer shell fabrics (identified as Fabric A, Fabric B,and Fabric C in this report), used in the manufacture of fire fighting turnout gear, and (2) develop a simple
yet quantitative methodology that can be used by commercial vendors that launder fire fighter gear to verify bacterial
decontamination The methodology described can easily be adapted to test the vendors’wash protocol to decontaminate a
wide variety of microbial species.
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Methods
Bacterial Strain and Growth Conditions
S. aureus subsp. aureus Rosenbach (ATCC 6538), Klebsiella pneumoniae (ATCC4352), Pseudomonas aeruginosa (ATCC
15442), and Bacillus subtilis (ATCC 6633) were purchased from the American Type Culture Collection (ATCC, Manassas,
VA) and cultured as specified by the ATCC (see Appendices A–D). Bacterial growth curves were established according
to Benson’s Microbiological Applications (27). Tryptic Soy Broth (TSB) and Tryptic Soy Agar (TSA) (Sigma-Aldrich,
St. Louis, MO) were also used to assess bacterial contamination prior to sterilization of outer shell fabric. A didecyl dimethyl
ammonium chloride (DDAC) resistant strain of Pseudomonas aeruginosa was recovered as a contaminant on a S. aureus
inoculated swatch of outer shell fabric following a test wash of this swatch along with decommissioned turnout jackets
in an in-house commercial washer/extractor. The identity of the DDAC-resistant P. aeruginosa strain was determined by
its colony morphology on nutrient agar (NA), pellicle formation on the surface of Dey-Engley Broth (26) (DEB) (Sigma-
Aldrich), and under the scanning electron microscopy (SEM), and by Quantitative Real-Time Polymerase Chain Reaction
(qPCR) detection of the FemB gene.
Investigated Fabrics and Turnout Gear
Fire fighting turnout gear jackets and pants are fabricated as a three-layer composite system. Three different outer shell
materials were investigated. Fabric A was a 7.5 oz/yd2 ripstop fabric composed of 55% para-aramid, 37% polybenzimidazole
(PBI), 8% liquid crystal polymer, multi-filament yarns in natural color and with a durable water-repellent finish. Fabric B
was 6.6 oz/yd2 plain weave fabric composed of 60% para-aramid and 40% meta-aramid fibers, which was not dyed or treated
with finish chemicals. Fabric C had a similar composition as Fabric B but was slightly heavier at 7.0 oz/yd2 in a ripstop
fabric composed of 60% para-aramid and 40% meta-aramid fibers dye yellow and a durable water repellent finish. Fabric
A was laundered in-house five times prior to its use in experiments, Fabric B was not laundered before use, and Fabric C
was received already laundered (10 cycles according to an industry standard specified in the NFPA 1971 turnout clothing
standard). Prior to experimentation, each fabric was tested for bacterial contamination by incubating fabric swatches at
37°C in TSB for five hours followed by dilution plating on TSA. For washer/extractor tests, decommissioned turnout gear
(three jackets and three pants) were used. All fabrics and turnout gear used in this study were provided by an independent
service provider. The examined fabric standard was the American Association of Textile Colourists and Chemists (AATCC)
ballast 100% cotton cat. no: KCT-3011.
Antimicrobial Tested Products and Antimicrobial Neutralizer
Sanitizer A is a laundry additive sanitizer registered with the U.S. EPA and purchased from a local supplier. A 1:6803 ratio
(concentrated sanitizer/autoclaved MilliQ water) test solution of Sanitizer A was prepared according to the manufacturer’s
instructions of 2.25 oz. per hundred weight pound of dry fabric that is washed at a 1:10 ratio of laundry to wash water. Briefly,
0.147 ml of Sanitizer A concentrate was diluted in 1 liter sterile water and used at this dilution for all lab experiments. To
neutralize Sanitizer A, Dey-Engley and Letheen neutralizers were individually tested at the manufacturer’s recommended
concentration. For subsequent experiments, DEB was chosen as the neutralizer due to higher effectiveness in recovery.
Fabric Sterilization and Scanning Electron Microscopy (SEM)
Outer shell fabrics provided by the manufacturer were examined under SEM for microbial contamination and structural
changes before and after scouring (as per ASTM E2274-16 procedure) or autoclaving (30 min at 121°C). For SEM, 0.8 cm2
pieces of fabric were placed into a 24 well cell culture plate, fixed in formalin/osmium tetroxide, dehydrated with ethanol,
dried using hexamethyldisalizane, mounted onto aluminum stubs and sputter-coated with gold palladium. The samples
were imaged on a Field Emission Scanning Electron Microscope operated at 5 kilovolts. Each sample was first scanned at
500× for the presence of bacterial cells and photographs were taken at 20,000× magnification.
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Bacteriocidal Efficacy of Sanitizer A
To assess the bactericidal efficacy of Sanitizer A, sterile culture tubes containing 2 mL of diluted Sanitizer A were inoculated with 1.9 × 107 S. aureus. Tubes containing 2 mL sterile Milli-Q water and 1.9 × 107 S. aureus served as control. The
tubes were vortexed for either 10 seconds, 1 minute or 10 minutes, and 2 mL of DEB was immediately added to neutralize
Sanitizer A. Neutralized cell suspensions were dilution plated in triplicate on TSA.
To determine whether Sanitizer A can lyse S. aureus, tubes containing 2 ml of Sanitizer A were inoculated with 3 × 106
S. aureus, vortexed for 10 minutes, and centrifuged for 3 minutes at 13,000 rpm to pellet the bacteria. The pellets were washed
3× with sterile water, resuspended in 2 ml MilliQ water, and plated to assess viability and processed by qPCR to assess
the total number of intact cells. As a control, the same procedure was performed with sterile water instead of Sanitizer A.
Quantitative Polymerase Chain Reaction (qPCR) Analysis
Bacterial quantification was performed using commercial quantitative polymerase chain reaction (qPCR) kits for S. aureus
(targeting the FemB chromosomal gene), P. aeruginosa (targeting the RegA chromosomal gene), and K. pneumoniae (targeting the PhoE chromosomal gene) (Appendices E–G). All qPCR reactions were performed using a fast real time PCR
System. Genomic DNA extraction was performed using a commercial blood and tissue kit (Appendix H). The final eluted
DNA volume was 50 μL and 5 μl DNA was used in the qPCR. The limit of detection (LOD) for S. aureus was nine copies
and the limit of quantitation (LOQ) was 20 copies. The LOD for P. aeruginosa and K. pneumoniae was five copies and the
LOQ was ten copies.
Effectiveness of Fabric Sanitization Using ASTM E2274 Protocol
The ASTM E3374 protocol was initially used to simulate machine washing of laundered outer shell fabrics. Three Fabric A
or Fabric C swatches (1″ × 1.5″ and laundered as above) inoculated with S. aureus were aseptically sandwiched inside a
Fabric A fabric wrapped spindle, and the spindle was placed in a 1,000 ml canister containing 150 ml of either Sanitizer A
or water, and rotated at 60 RPM/min for 10 minutes at room temperature (~20°C) (Appendix I). Sandwiching swatches
between layers of Fabric A is meant to serve as ballast material to better approximate conditions of an actual wash in a
commercial washer. Next, the three fabric swatches were each immediately immersed in 10 ml of DEB and vortexed for
10 seconds to extract any remaining bacteria. The DEB solution was then dilution plated to calculate the percent reduction
in viability by Sanitizer A. To recover any bacteria not extracted from the swatches, the swatches were incubated in 10 ml
of DEB for 5 hours at 37°C and 150 RPM.
Carrier Count Control
S. aureus in 30 µl DEB was inoculated onto outer shell swatches, dried for 30 min at 37°C, and washed by high speed
vortexing (10 seconds or 10 minutes) in test tubes containing Sanitizer A for maximal contact with the sanitizer to determine the number of viable organisms remaining in the swatch after vortex washing (referred to as carrier count controls
in ASTM E2274, Appendix J). Replicate swatches were washed with water only for comparison. After vortex washing,
all swatches were rinsed by pipetting 50 mL of sterile water on both sides of the swatch. Each swatch was then placed in
a sterile Erlenmeyer flask containing 10 ml of DEB and incubated for 5 hours at 37°C and 150 RPM to extract any viable
bacteria that had remained on the swatch after vortexing. The number of viable bacteria that were extracted from a swatch
was calculated based on the doubling time (24 minutes) of S. aureus in DEB and the number of colony forming units (CFUs)
obtained after dilution plating on Dey Engley Agar (DEA). The log10 reduction in viability of S. aureus on swatches washed
with Sanitizer A was calculated as the difference between the number of viable S. aureus extracted from swatches washed
with water and the number of viable S. aureus extracted from swatches washed with Sanitizer A. The assay was repeated
four times using Fabric A, two times with Fabric C, and performed once using Fabric B or cotton fabric at two contact times.
Carrier count controls for K. pneumoniae and B. subtilis were performed in essentially the same manner except appropriate
growth media was supplemented for each bacterial type and the incubation time for B. subtilis was extended to 8 hours to
account for the slower growth of this bacteria.
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In House Washer/Extractor Tests and Laundering Procedure
Four Fabric A or four Fabric B swatches inoculated with 2.9 × 107 Colony Forming Units (CFUs) S. aureus (stored
24 hours/4°C before use to simulate shipping time as described in the shipping survival test) were pinned inside the
underarm areas (left and right) of two turnout gear coats (inner lining removed as describe in NFPA 1851). To serve as
cross-contamination indicators, four sterile Fabric A or four sterile Fabric B swatches were aseptically pinned adjacent to
the inoculated swatches. The wash loads were adjusted to include a total of six pieces of zipped up turnout gear (20.34 lb
load) and placed into a 40 lb capacity programmable washer/extractor to achieve ~70% of the load capacity, allowing the
clothing to move freely. Alternatively, swatches were inserted into pockets of surrogate turnout gear and linen fabric was
added as ballast (Appendix K). A 10 minute soak/sanitizing cycle was programed into the washer/extractor followed by
a 4-minute extraction at low speed (G-force <100). After the washing was complete, the swatches were stored in a sterile
and sealed petri dish at 4°C for 24 hours to simulate the return shipping. Each swatch was subsequently placed in a sterile
Erlenmeyer flask containing 10 ml of DEB for 5 hours at 37°C and shaken at 150 RPM. The number of viable cells in each
swatch was then calculated as described in the Carrier Count Control section above.
Validation Testing at Independent Service Providers (ISPs)
Three Independent Service Providers (ISPs) were sent turnout fabric swatches inoculated with either S. aureus or K. pneumoniae. As controls, uninoculated swatches were also sent. The swatches were sent overnight, on ice, and used by the ISP
immediately. Swatches were attached to surrogate turnout gear and washed with linen ballast according to the specific wash
protocol at each ISP. The swatches were then removed from the gear and shipped back to NIOSH, on ice, and processed as
per the carrier count control protocol above. Specific details are shown in the Results section.
Survival of S. Aureus on Outer Shell Swatches During Shipping
A shipping simulation test of S. aureus inoculated swatches was designed to determine whether S. aureus will remain viable
over seven days, the estimated time to ship, field test in a washer/extractor loaded with turnout ballast material, and return
the swatches for analysis. Thirty-two Fabric A swatches inoculated with 2.9 × 107 CFUs S. aureus were divided into eight
groups of four swatches. Each group of swatches to be processed immediately (Day 0) or in 24 hour intervals (Days 1–7).
The test was done in duplicate. An uninoculated swatch was included in each group to assess for cross-contamination during
a wash. Each group of five swatches (four inoculated + one uninoculated) was stored in a sterile, parafilm-sealed petri dish
at 4°C to simulate transport time ranging from zero to seven days. At 24 hour intervals, the five swatches from a group were
each placed in a sterile Erlenmeyer containing 10 mL DEB for five hours at 37°C and shaken at 150 RPM. The number of
viable cells in each swatch was then calculated as described in the Carrier Count Control section above.
Data Analysis
All analyses were performed using JMP version 13 (SAS Institute, Cary, NC). Analysis of the effects of time and swatch
type following washing were performed using two-way analysis of variance (ANOVA). Survival of bacteria over time was
analyzed using a one-way ANOVA, and comparisons of DNA content recovered from cells were performed using a t-test.
Pearson correlation coefficients were calculated to assess the correlation between qPCR and the viability assessments. All
differences were considered significant at p < 0.05. Percent reduction and log10 reduction were calculated as described below:
% Reduction =

(CFU Extracted from Water Washed Swatch) – (CFU Extracted from Sanitizer A Washed Swatch)
(CFU Extracted from Water Washed Swatch)

× 100

Log10 Reduction = log10 (Average CFU Water Washed Swatches) – log10 (Average CFU Sanitizer A Washed Swatches)
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Results
Bacterial Contamination and Effect of Sterilization on Fabrics
SEM examination prior to fabric sterilization revealed cocci present in biofilms and rod-like bacteria attached to the
fibers of a decommissioned turnout gear jacket with a Fabric A outer shell (Figure 1), and on turnout gear composed of
Fabric C fabric (data not shown). Similarly, swatches from a bolt of Fabric A fabric incubated on TSA plates yielded up
to 102 CFU/swatch (Figure 2). Structural changes to the Fabric A fabric in the form of masses of entangled smaller fiber
Figure 1: SEM of bacterial contaminants still present on a decommissioned
turnout gear jacket. Random sections of the Fabric A outer shell were
aseptically cut from a decommissioned turnout gear jacket and processed
for SEM. The representative SEM show the presence of cocci and rod
structures embedded in matrices of exopolysaccharide, a critical step in
biofilm formation.

Figure 2: Viable bacterial cells present on laundered Fabric A fabric. A new roll of Fabric A fabric
obtained from the manufacturer was laundered in-house in a commercial washer/extractor five
times prior to its use in subsequent experiments. A random swatch of this fabric was incubated
at 37°C for 48 hours on TSA. (A) Shows the presence of viable bacteria remaining on the swatch.
(B) Serial dilution plating of cells recovered from swatch show a variety of bacterial types.
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conglomerations were seen after scouring to kill existing bacteria according to ASTM E2274-16 (Figure 3A). Autoclaving did not affect the fabric structure but clumps of dead microbial cells were evident (Figure 3B). Fabric A fabric was
inoculated with S. aureus to assess for potential biofilm formation when worn by fire fighters responding to emergencies
that would expose them to this bacteria. After inoculation of an aliquot of S. aureus onto a swatch, the cells were allowed
to dry for 30 minutes at room temperature (Figure 4, 30 min). Placing the inoculated swatch into DEB media for 5 hours
shows the formation of polymer bridges between the cells and the swatch (Figure 4, 5 hours) and after 24 hours (Figure 4,
24 hours), colonization and biofilm formation occurs. These results show that fire fighter turnout gear has the potential to
support S. aureus biofilm formation in as little as 24 hours if the outer shell fabric is exposed to environmental conditions
rich in these microbes.

Figure 3: SEM examination of Fabric A after scouring or autoclaving to disinfect the fabric. Fabric A fabric was scoured according to
ASTM E2274-16 or autoclaved. (A) Microscopic texture of the scoured outer shell fabric displaying entangled smaller filaments due to
denaturation of the fabric. (B) Inactivated microbial cells still attached to the fiber after autoclaving.

Figure 4: SEM images showing the three stages of biofilm growth on Fabric A fabric. (30 minutes) Adhesion and accumulation of
S. aureus on Fabric A after inoculation. (5 hours) Consolidation of the interface by formation of polymer bridges. (24 hours) Colonization
of Fabric A and the encapsulation of S. aureus cells in an exopolysaccharide matrix.
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Bacteriocidal Efficacy of Sanitizer A and Cell Lysis
Directly spiking S. aureus into Sanitizer A resulted in complete loss of viability of S. aureus in as little as 10 seconds as
no viable cells were recovered following pelleting of the cells by centrifugation (Table 1). qPCR analysis of the pelleted
cells showed that Sanitizer A does not lyse S. aureus (and subsequently release its contents) as approximately 81% more
genomic DNA (p<0.05) was recovered in the cell pellet of cells exposed to Sanitizer A than to only water (Figure 5). The
increased genomic DNA recovery suggests that exposure to Sanitizer A may facilitate subsequent extraction of genomic
DNA from pelleted cells, perhaps through alteration of the cell wall or membrane in the cell pellet of cells exposed to either
Sanitizer A or water.
Table 1: Bacteriocidal Efficacy of Sanitizer A
*Recovery of
Viable Cells
Exposed to
Sanitizer
(CFU)

Percentage
Reduction of
Viable Cells
(%)

Log
Reduction of
Viable Cells

1.6 × 107

0

100

6.9

1.5 × 107

0

100

6.8

1.7 × 107

0

100

6.3

Duration of
*Recovery of
Vortexing
Viable Cells
in Water or Inoculum Exposed to Water
Sanitizer A (CFU)
(CFU)
10 seconds
1 minute

1.9 × 107

10 minutes
*Two replicates for each vortex time

Figure 5: Sanitizer A does not lyse S. aureus. Sanitizer A. S. aureus cells (1.9 × 107 CFU) were added
directly to Sanitizer A or water (as control) aliquoted into sterile tubes (10 replicates each), vortexed for
10 minutes, and the cells were pelleted by centrifugation. Genomic DNA was isolated from the pelleted
cells and qPCR of the S. aureus FemB chromosomal genes was performed. The increased genomic
DNA recovery from cells exposed to Sanitizer A is statistically significant (p<0.05). Two independent
experiments were performed. Error bars are standard error.
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Effectiveness of Fabric Sanitization Using ASTM E2274 Protocol
The ASTM E2274 protocol was established to determine the effectiveness of sanitizers, laundry detergents, and other
additives for use in top-loading automatic washers/extractors. To assess the efficacy of this protocol for use in evaluating
Sanitizer A’s ability to disinfect fire fighter turnout gear, we constructed a laundry tumbler according to the design specified
in ASTM E2274 and washed swatches inoculated with S. aureus. Three experiments were performed with Fabric A swatches
inoculated with 1.3 × 107, 5.9 × 106 or 5.4 × 107 CFU/swatch (Table 2).
Table 2: Effectiveness of Fabric A Fabric Sanitization Using ASTM E2274 Protocol

Log
Inoculum

Recovery
of Viable
Cells in
the Wash
Water
(control)
(CFU)

Recovery
of Viable
Cells in
Sanitizer
A Wash
(CFU)

Recovery of Viable
Cells after Rinsing
the Water Washed
Swatch (control)
(CFU/*SD)

Recovery
of Viable
Cells after
Rinsing
the
Sanitizer
A Washed
Swatch
(CFU)

&Inoculum

Experiment
Number

(CFU/
swatch)

Recovery of
Viable Cells from
Sanitizer Washed
Swatch after 5h
in DEB
(CFU/*SD)

Recovery
of Viable
Cells from
Sanitizer
Washed
Swatch
after 5h
in DEB
(Log)

Log
Reduction
of Initial
Inoculum
1.3

Exp 1

1.3 × 107

7.1

2.3 × 106

0

2.1 × 106/5.1 × 105

0.83

6.6 × 105/6.2 × 104

5.8

Exp 2

5.9 × 106

6.8

2.4 × 106

0

4.2 × 106/2.7 × 105

0

8.5 × 105/2.5 × 104

5.9

0.9

Exp 3

5.4 × 107

7.7

2.0 × 106

0

3.1 × 106/5.1 × 105

0.17

8.1 × 105/2.2 × 104

5.9

1.8

&Three replicate swatches per experiment
*SD; standard deviation

The recoveries of viable bacteria from swatches washed with sterile water (control) were 2.3 × 106 (16%), 2.4 × 106
(41%) and 2.0 × 106 (4%), respectively. Washing with Sanitizer A reduced the number of viable cells in the wash to zero.
Rinsing the water-washed swatches with sterile water recovered an additional 2.1 × 106 (16%), 4.2 × 106 (71%) and 3.1 ×
106 (6%), respectively, of viable bacteria, but none from the swatches washed with Sanitizer A. To determine whether viable
bacteria remained on the swatches washed with Sanitizer A, the swatches were then incubated for 5 hours in DEB media
to elute any remaining S. aureus. Since any viable S. aureus that is eluted will continue to divide over the course of five
hours, the number of bacteria that had been extracted was calculated by taking into account a doubling time of 20 minutes
in DEB. The number of viable bacteria recovered from the swatches washed with Sanitizer A was 6.6 × 105 (5%), 8.5 ×
105 (14%), and 8.1 × 105 (1.5%), respectively. The resulting log reductions from the starting inoculum of viable S. aureus
were less than 3 logs, the requirement by ASTM to obtain 99.9% sanitization. It should be noted that additional viable cells
may have remained on the swatches, therefore, these results represent the “minimal” number of cells that were not killed
by Sanitizer A. These results show that the ASTM E2274 protocol does not efficiently reduce the number of viable cells
that remain on the swatches.
Development of a Methodology to Assess Cleaning Practices by ISPs
The above experiments showed that the ASTM E2274 protocol does not provide a clear picture of how many viable cells
remain on the outer shell fabric after washing with sanitizer. Fabric A, Fabric B, Fabric C, and cotton swatches were inoculated with S. aureus (carrier count controls in ASTM E2274), placed in conical test tubes containing water or Sanitizer A,
and washed by high-speed vortexing for 10 seconds or 10 minutes. This was done to assess how well the fabrics could be
disinfected under ideal wash conditions. Neither water nor Sanitizer A was very effective at physically removing S. aureus
from outer shell fabrics and removal was highly variable. After 10 seconds of vortex washing of Fabric A or Fabric C
with water, only 2% and 3%, respectively, of the viable cells inoculated on these fabrics were recovered in the wash water
(Table 3). Increasing the vortex-washing to 10 minutes only increased the physical removal of S. aureus from Fabric A
to 12% and Fabric C to 21% (Table 3). Removal of S. aureus from uncoated Fabric B and cotton after only 10 seconds of
vortex-washing was far more efficient (29% and 42%, respectively). Similarly, after washing the fabrics with Sanitizer A
for 10 seconds or 10 minutes, qPCR showed that most of the S. aureus remained on the Fabric A and Fabric C swatches
although the amount that was physically washed off was highly variable (Table 3).
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Table 3: Efficiency of Removing S. aureus from Outer Shell Fabrics
Duration of
Vortexing
in Water or
Sanitizer A
10 seconds

Swatch Type

% Viable Cells
Recovered in
Sanitizer Washed
Swatch

% PCR Products
Recovered in
Water Washed
Swatch/*SD

% PCR Products
Recovered in
Sanitizer Washed
Swatch/*SD

Fabric A

1.5/1.2

0

13.6/13.0

6.5/4.2

Fabric B

29/6.3

0

8.3/6.6

18/27

Fabric C
10 minutes

% Viable Cells
Recovered in
Water Washed
Swatch/*SD

3.0/1.2

0

0.9/0.9

10.4/13.9

Cotton

41.7/14.8

0

1.4/&ND

6.6/7.2

Fabric A

11.7/7.3

0

1.7/1.7

0.5/0.8

Fabric B

11/1.8

0

10.2/4.8

4.3/3.4

Fabric C

20.4/21.3

0

1/1.2

1.9/1.6

Cotton

85.6/15.6

0

3.9/5.0

0.8/0.4

Fabric A experiments repeated four times with three replicate swatches each
Fabric B experiment performed one time with three replicate swatches
Fabric C experiments repeated two times with three replicate swatches each
Cotton experiment performed one time with three replicate swatches
*SD; standard deviation; &ND; not determined as two of the three replicate swatches were below detection

The guidelines in NFPA 1851 describe general cleaning procedures for fire fighter turnout gear; however, there are no
procedures or requirements to demonstrate whether such cleaning practices actually result in the removal and/or disinfection
of microbial contaminants. To address whether an ISP that cleans turnout gear actually has in place a procedure for efficient disinfection, we modified the ASTM E2274 protocol by including carrier count control swatches in an actual wash of
turnout gear in a commercial washer. Since we showed (Table 3) that the majority of S. aureus remains on the turnout gear
swatches, each swatch was then placed in a sterile Erlenmeyer flask containing 10 ml of DEB and incubated for 5 hours at
37°C and 150 RPM to extract any viable bacteria that were not killed by Sanitizer A. After vortex-washing with Sanitizer A
for 10 seconds, on average, 73% (Recovery of Viable cells from Sanitizer A Washed Swatch divided by Recovery of Viable
Cells from Water Washed Swatch) of the S. aureus that remained on the Fabric A swatch was killed (Table 4). Increasing
the vortex-washing to 10 minutes did not improve the efficiency of the sanitizer as 69% of the S. aureus that remained on
the Fabric A was killed. After 10 seconds of vortex-washing Fabric C, 91% of the S. aureus that remained on the swatch
was killed and in the 10 minute-vortex washing, 97% of the bacteria was killed. Scoured Fabric B was the most efficiently
sanitized (as efficient as cotton fabric) as essentially 100% of the remaining S. aureus on the swatch was killed. Complete
sterility was obtained for both Fabric B and cotton after 10 minutes of vortex-washing as no bacterial growth was observed
from either swatch type after as much as 48 hours of incubation in DEB broth (results not shown).
To then determine the efficiency of sanitization that could be obtained in a standard wash of turnout gear in a commercial washer, Fabric A swatches inoculated with S. aureus were pinned to two decommissioned turnout jackets and washed
along with four other jackets which served as ballast. Analysis of the washed swatches showed that the efficiency of sanitization was 99.7% (Recovery of Viable cells from Sanitizer A Washed Swatch divided by Recovery of Viable Cells from
Unwashed Swatch) (Table 4). Similarly, Fabric B swatches were completely sanitized (100% killing). Since all S. aureus
that is washed off the swatches was killed by the sanitizer (Table 1), then all swatches washed in the commercial washer
were essentially 100% sanitized.
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Table 4: Reduction in Viability of S. aureus Still Present on Outer Shell Fabrics after Washing with Sanitizer A
Recovery of
Viable Cells
from Sanitizer A
Washed Swatch
(CFU/*SD)

Experiment
Number

Inoculum
(CFU/swatch)

Recovery of Viable
Cells from Water
Washed Swatch
(CFU/*SD)

1

1.7 × 107

2.5 × 105/1.5 × 105

1.4 × 105/1.8 × 105

46

2

1.9 ×

107

1.8 × 105/1.6 × 105

77

Fabric A

3

3.7 ×

107

6.6 ×

103

87

Fabric A

4

3.4 × 107

1.9 × 105/1.2 × 105

3.5 × 104/1.7 × 104

82

Fabric B

1

2.4 ×

4.0 ×

1.1 ×

Fabric C

1

2.5 × 107

4.3 × 104/1.2 × 104

1.7 × 102/1.1 × 102

99.6

Fabric C

2

2.5 ×

4.3 ×

4.7 ×

101

98.9

Cotton

1

2.4 × 107

1.5 × 106/5.8 × 104

2.3 × 102/3.2 × 102

99.9

10 minutes
Fabric A
(carrier count control) Fabric A

1

3.3 ×

3.2 ×

1.2 ×

104

63

2

1.4 × 107

9.0 × 105/3.1 × 104

9.1 × 103/4.3 × 103

99

Fabric A

3

3.5 × 107

1.6 × 106/7.9 × 105

7.9 × 105/8.4 × 105

51

Fabric A

4

3.0 ×

4.8 ×

1.9 ×

Fabric B

1

3.9 × 107

8.2 × 104/3.2 × 104

0

Fabric C

1

2.1 × 107

4.3 × 104/1.4 × 105

1.9 × 102/7.7 × 102

99.5

2

2.5 ×

107

2.1 × 103/5.8 × 102

95

107

0

100

Duration of
Vortexing in Water
or Sanitizer A

Swatch
Type

10 seconds
Fabric A
(carrier count control) Fabric A

Fabric C

107
107
107

107

8.1 ×

105/3.8

×

105

5.1 ×

104/1.2

×

104

105/4.8
104/6.5
105/2.6

106/9.2

×
×
×

×

104
103
105

105

4.3 ×

104/1.7

×

104

1.2 ×

106/4.8

×

105

103/1.4
101/1.3
102/9.7
105/7.3

106/1.6

×
×
×
×

×

101

106

Cotton

1

2.2 ×

Washer/extractor
Test 1

Fabric A

1

2.9 × 107

1.6 × 106/5.7 × 105

4.2 × 103/1.4 × 103

Washer/extractor
Test 2

Fabric B

1

2.9 × 107

1.3 × 106/5.8 × 105

0

Percent
Reduction

100

61
100

99.7
100

All carrier count control swatches were vortex-washed for 10 seconds or 10 minutes
All carrier count experiments are average of three replicate swatches per experiment
Washer/extractor test of S. aureus inoculated Fabric A swatches are average of four swatches pinned to two turnout gear jackets
Washer/extractor test of S. aureus inoculated Fabric B swatches are average of three swatches pinned to two turnout gear jackets
*SD; standard deviation

To confirm the results shown in Table 4, qPCR analysis of the cells that remained on the swatch after washing with
Sanitizer A was performed and the results are shown in Table 5. On average, 88% (Number of FemB Copies from Viable
Cells Remaining on Sanitizer A Washed Swatch divided by Number of FemB Copies from Viable Cells Remaining on
Unwashed Swatch) of the S. aureus cells remained on the Fabric A swatches after vortex-washing.
Washer/extractor test of S. aureus inoculated Fabric A and Fabric B swatches are average of four and three swatches
pinned to two turnout gear jackets, respectively with sanitizer for 10 seconds were killed. Again, increasing the vortexwashing to 10 minutes did not improve efficiency of the sanitizer (80% killing). Approximately 98% of the S. aureus
remaining on the Fabric C swatches was killed after only 10 seconds of vortex-washing, and killing reached 99.5% after
10 minutes of washing. Uncoated Fabric B and cotton were the most efficiently sanitized as essentially complete sterility was obtained after only 10 seconds of vortex-washing. The efficiency of sanitization of Fabric A and Fabric B in the
commercial washer/extractor was confirmed by qPCR to be the same as that demonstrated in viability tests (Table 4) and
showed 99.6% and 99.5% killing, respectively.
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Table 5: Reduction in FemB copies from Viable S. aureus Still Present on Outer Shell Fabrics after Washing
with Sanitizer A

Duration of
Vortexing in Water Swatch
or Sanitizer A
Type
10 seconds
(carrier count
control)

10 minutes
(carrier count
control)

Number of FemB
Copies from Viable
Cells Remaining
Inoculum
on Water
Experiment (FemB
Washed Swatch
Number
copies/swatch) (FemB/*SD)

Number of FemB
Copies from Viable
Cells Remaining
on Sanitizer A
Washed Swatch
Percent
(FemB/*SD)
Reduction

1

2.2 × 106

1.0 × 105/1.5 × 105

3.1 × 104/8.0 × 104

69

2

2.0 ×

106

5.7 × 103/4.7 × 103

84

Fabric A

3

2.0 ×

107

2.0 ×

99.6

Fabric A

4

6.0 × 106

5.4 × 104/4.6 × 104

1.2 × 103/8.9 × 102

Fabric B

1

2.2 ×

2.8 ×

2.9 ×

Fabric C

1

1.0 × 107

4.8 × 104/5.0 × 104

4.5 × 101/2.2 × 101

100

Fabric C

2

1.0 × 107

8.2 × 104/4.7 × 104

3.7 × 103/5.2 × 103

95

Cotton

1

1.1 × 105

2.3 × 104/2.3 × 104

1.6 × 102/3.0 × 102

99.3

Fabric A

1

1.1 ×

6.7 ×

8.6 ×

103

87

Fabric A

2

2.3 × 108

7.2 × 105/4.6 × 105

1.7 × 105/2.7 × 105

77

Fabric A

3

4.0 ×

8.1 ×

1.6 ×

104

80

Fabric A

4

1.5 × 108

9.7 × 104/2.0 × 104

2.5 × 104/3.8 × 104

74

1

1.1 ×

2.5 ×

1.0 ×

99.6

Fabric C

1

1.2 × 107

6.4 × 104/2.5 × 105

4.7/9.7

Fabric C

2

5.5 × 106

7.6 × 104/4.3 × 105

9.3 × 102/1.2 × 104

2.1 ×

1.9 ×

Fabric A
Fabric A

Fabric B

105

107
107
107

3.6 ×

104/1.5

×

104

5.6 ×

103/3.5

×

103

104/2.3

104/5.0
104/2.0
105/1.1

×

×
×
×

×

104

104
104
105

101/4.4
101/4.7

103/9.2
104/1.8
103/3.5

×
×

×
×
×

101
101

102

98
99.9

100
×

99

Cotton

1

9.1 ×

Washer/extractor
Test 1

Fabric A

1

9.6 × 107

1.6 × 106/1.7 × 106

6.8 × 103/2.0 × 104

99.6

Washer/extractor
Test 2

Fabric B

1

8.7 × 107

4.7 × 105/2.1 × 106

3.1 × 102/2.0 × 104

99.9

106

106/4.0

105

102/1.7

102

100

All carrier count control swatches were vortex-washed for 10 seconds or 10 minutes
All carrier count experiments are average of three replicate swatches per experiment
*SD: standard deviation

A DDAC-resistant strain of P. aeruginosa was recovered from the sterile swatches that were placed adjacent to the
S. aureus-inoculated swatches pinned to the machine-washed fire fighter turnout jackets. P. aeruginosa was identified based
on its rod-shape under SEM, its large colony morphology (Figure 6) growth characteristics in DEB (P. aeruginosa does not
ferment dextrose and forms a pellicle on the surface of the broth (27), and confirmed by qPCR identification of the RegA
chromosomal gene. P. aeruginosa was found on Fabric A and Fabric B at approximately 102 CFU/swatch. Fabric A was
inoculated with this P. aeruginosa strain and after 5 hours incubation in DEB media, biofilm formation was evident (Figure 7).
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Figure 6: Sanitizer A-resistant P. aeruginosa. Example of
P. aeruginosa (large, circular, raised and undulate colonies)
recovered as a cross-contaminant from a decommissioned
turnout gear jacket that was laundered along with a Fabric A
swatch inoculated with S. aureus (small, round and golden-yellow
colonies).

Figure 7: SEM Sanitizer A-resistant P. aeruginosa growing on Fabric A. The strain was inoculated onto
a Fabric A swatch that was subsequently incubated in DEB for 5 hours. SEM shows the rod-shaped
P. aeruginosa encased in exopolysaccharide (the “glycocalyx”) which facilitated the adherence and
colonization of Fabric A fabric fibers and subsequent biofilm production.
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Shipping Survival Test
To validate an ISP’s ability to efficiently wash fire fighter turnout gear, the vendor would include S. aureus contaminated
swatches of outer shell fabric in their standard wash and return the washed swatches to a test facility that would assess
whether the swatches were sanitized. During shipping to and from the vendor, the viability of S. aureus would need to be
consistently maintained in order for the assay to be valid. Therefore, we performed a mock shipping experiment to ensure
that inoculated swatches could be stored for several days before use. Fabric A swatches inoculated with S. aureus were
stored for 0–7 days at 4°C and placed in DEB for 5 hours to assess the number of viable bacteria still present. Over the
course of 0–7 days, an average of 4.2 × 106 CFU (SD = 1.9 × 106) viable cells were recovered from the swatches in one
test experiment and 3.7 × 106 CFU (SD = 2.1 × 106) in a second test (Figure 8). These results show that swatches contaminated with S. aureus can be stored up to seven days (the time to ship/test/return swatches) and can be effectively used
to assess a vendor’s wash procedure.

Figure 8: Survival of S. aureus on swatches during shipping. Fabric A swatches were inoculated with 2.9 × 107 S. aureus and either
processed immediately (Day 0) or stored for 1–7 days at 4°C before processing for the number of viable S. aureus that remained on the
swatches. The variation over 0–7 days was not statistically significant. For each time point, four inoculated and one uninoculated Fabric A
swatches were processed. Two independent experiments were performed. Error bars are standard error.

Extension of NIOSH’s Cleaning Methodology to Assess Disinfection
The cleaning methodology that we established to validate an ISP’s ability to efficiently sanitize turnout gear by attaching
inoculated S. aureus outer shell swatches to decommissioned gear was further refined. Surrogate turnout gear composed of
outer shell fabric was fabricated to mimic actual gear and used in place of decommissioned gear (Figure 9). Surrogate gear
was developed to establish a common wash fabric that could be used by any ISP. The surrogate gear can also be sterilized
prior to use, unlike decommissioned gear which is very expensive and not amenable to easy sterilization. Pockets are sewn
into the surrogate gear in which to insert inoculated outer shell swatches, and linen is added for ballast in the commercial
washer/extractor.
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Figure 9: Location of inoculated swatches inserted into the pockets of the surrogate turnout gear. B1–3P are swatches inoculated with
biologicals (microbes) and placed in the surrogate pants. B1–3C are swatches placed in the surrogate coat.

Test of New Cleaning Methodology for Disinfection of S. aureus
S. aureus inoculated swatches were placed into the pockets of the surrogate turnout gear and washed in-house in our commercial washer/extractor with only Sanitizer A (no additional wash with detergent). As control, duplicate swatches were
washed with water only. Analysis of the washed swatches showed that the sanitization efficiency (Recovery of Viable cells
from Sanitizer A Washed Swatch divided by Recovery of Viable Cells from Water Washed Swatch) of Fabric A, Fabric B,
Fabric C, and cotton was 59%, 41%, 51%, and 100%, respectively (Table 6).
To confirm the results shown in Table 6, qPCR analysis was performed (Table 7). The reduction of FemB copies from
viable cells remaining on the washed swatches Fabric A, Fabric B, Fabric C and cotton swatches was 30%, 0%, 78%, and
14%, respectively. The results are only somewhat in agreement with the above viability analysis due to considerable noise
and variability within the PCR that limit conclusions.
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Table 6: Reduction in Viability of S. aureus Still Present on Outer Shell Fabrics after Machine Washing with
Sanitizer A

*Washer/
Extractor
Experiment
Number

1

2

Recovery of
Viable Cells
from Water
Washed
Swatch (SD)

Recovery of
Viable Cells
from Sanitizer
Washed
Swatch (CFU)

Recovery
of Viable
Cells from
Sanitizer
Washed
Swatch (SD)

Percent
Reduction

Swatch
Type

Inoculum
(CFU/swatch)

Recovery of
Viable Cells
from Water
Washed
Swatch (CFU)

Fabric A

5.13E+07

2.59E+04

6.89E+03

1.52E+04

7.31E+02

41

Fabric B

5.13E+07

1.78E+04

1.38E+03

8.51E+03

1.30E+03

52

Fabric C

5.13E+07

2.16E+04

4.73E+03

1.26E+04

1.82E+03

42

Cotton

5.13E+07

1.58E+04

1.30E+03

0.00E+00

0.00E+00

100

Fabric A

5.13E+07

1.21E+04

1.36E+04

2.82E+03

9.80E+01

77

Fabric B

5.13E+07

2.66E+03

1.86E+02

1.35E+03

3.83E+02

49

Fabric C

5.13E+07

4.24E+03

6.16E+02

2.57E+03

5.96E+02

39

Cotton

5.13E+07

2.76E+03

5.04E+02

0

0

100

*Each experiment is average of three outer shell swatch types inserted into the pockets of surrogate turnout gear

Table 7: Reduction in FemB Copies from Viable S. aureus Still Present on Outer Shell Fabrics after Machine
Washing with Sanitizer A

*Washer/
Extractor
Experiment
Number

1

2

Swatch
Type

Inoculum
(FemB
copies/swatch)

Number
of FemB
Copies from
Viable Cells
Remaining
on Water
Washed
Swatch

Fabric A

2.61E+06

4.66E+02

1.01E+01

4.45E+02

1.08E+01

4

Fabric B

2.61E+06

2.20E+03

3.01E+02

5.46E+02

2.75E+02

75

Std Deviation
of FemB
Copies
Remaining
on Water
Washed
Swatch

Number
of FemB
Copies from
Viable Cells
Remaining on
Sanitizer A
Washed
Swatch

Std Deviation
of FemB
Copies
Remaining on
Sanitizer A
Washed
Swatch

Percent
Reduction

Fabric C

2.61E+06

7.08E+03

1.79E+03

7.21E+03

3.28E+03

–2

Cotton

2.61E+06

1.63E+04

2.88E+03

1.93E+04

3.78E+03

–19

Fabric A

2.61E+06

3.78E+02

1.22E+02

1.68E+02

3.87E+01

55

Fabric B

2.61E+06

2.40E+03

4.66E+02

4.87E+02

2.25E+02

80

Fabric C

2.61E+06

7.10E+03

2.37E+03

9.89E+03

2.53E+03

–39

Cotton

2.61E+06

2.09E+04

3.13E+03

1.13E+04

6.64E+03

46

*Each experiment is average of three outer shell swatch types inserted into the pockets of surrogate turnout gear

Test of New Cleaning Methodology for Disinfection of K. pneumoniae
Swatches of turnout gear were inoculated with K. pneumoniae and vortex-washed for 10 minutes according to the method
for assessing carrier count controls. Similar to results with swatches inoculated with S. aureus (Table 3), less than 1% of
the inoculated viable cells were recovered in swatches washed with water (Table 8). Each swatch was then placed in a
sterile Erlenmeyer flask containing 10 ml of DEB and incubated for five hours at 37°C and 150 RPM to extract any viable
bacteria that were not killed by Sanitizer A. On average, 38%, 79%, 49%, and 100% of the K. pneumoniae that remained
on the Fabric A, Fabric B, Fabric C, and cotton swatches, respectively, were killed (Table 8).
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Table 8: Reduction in Viability of K. pneumoniae Still Present on Outer Shell Fabrics after Vortex Washing
with Sanitizer A
Recovery of
Viable Cells
from Water
Washed
Swatch (SD)

Recovery of
Viable Cells
from Sanitizer
Washed
Swatch (CFU)

Recovery
of Viable
Cells from
Sanitizer
Washed
Swatch (SD)

Percent
Reduction

*Swatch
Type

Experiment
Number

Inoculum
(CFU/swatch)

Recovery of
Viable Cells
from Water
Washed
Swatch (CFU)

Fabric A

1

2.43E+07

2.09E+03

1.24E+03

1.48E+03

1.10E+03

29

2

9.09E+07

1.38E+04

6.92E+02

7.25E+03

3.16E+03

47

1

6.60E+07

8.47E+02

1.76E+02

5.95E+02

2.73E+02

30

2

3.46E+07

4.97E+02

4.03E+02

1.61E+02

2.01E+02

68

1

8.10E+07

9.46E+01

6.10E+01

1.73E+01

6.35E+00

82

2

7.89E+07

4.29E+03

9.21E+02

1.03E+03

4.32E+02

76

1

6.29E+07

2.36E+03

2.04E+03

0

0

100

2

9.31E+07

4.33E+04

1.25E+04

0

0

100

Fabric B
Fabric C
Cotton

*All carrier count control swatches were vortex-washed for 10 minutes
All carrier count experiments are average of three replicate swatches per experiment

To confirm the results shown in Table 8, qPCR analysis of the cells that remained on the swatch after vortex-washing
with Sanitizer A was performed and the results are shown in Table 9. The reduction of FemB copies from viable cells
remaining on the washed swatches Fabric A, Fabric B, Fabric C, and cotton swatches was 95%, 67%, 59%, and 51%,
respectively. The results are in general agreement with the above viability analysis but there was considerable noise and
variability within the PCR that limit conclusions.
Table 9: Reduction in FemB Copies from Viable K. pneumoniae Still Present on Outer Shell Fabrics
after Vortex-Washing with Sanitizer A

*Swatch
Type

Number
of FemB
Copies from
Viable Cells
Remaining
Inoculum
on Water
Experiment (FemB
Washed
Number
copies/swatch) Swatch

Std Deviation
of FemB
Copies
Remaining
on Water
Washed
Swatch

Number
of FemB
Copies from
Viable Cells
Remaining on
Sanitizer A
Washed
Swatch

2.34E+07

3.39E+04

4.47E+03

5.00E+04

Std Deviation
of FemB
Copies
Remaining on
Sanitizer A
Washed
Swatch

Percent
Reduction

3.00E+03

91

2.23E+03

1.39E+03

98

2.29E+03

9.20E+02

84

3.04E+02

2.09E+02

34

1.28E+01

5.55E+00

99

4.89E+03

1.13E+03

34

1.96E+03

3.04E+03

22

6.23E+02

79

Fabric A

1
2

2.97E+07

1.20E+05

3.38E+04

Fabric B

1

2.69E+07

1.41E+04

1.62E+03

2

1.05E+07

4.61E+02

5.31E+02

Fabric C

1

2.53E+06

1.42E+03

1.07E+02

2

2.50E+07

7.40E+03

2.68E+03

Cotton

1

2.86E+07

2.53E+03

2.02E+03

2

3.21E+07

2.30E+04

1.79E+04

4.90E+03

*All carrier count control swatches were vortex-washed for 10 min

9970_NFPA_Supp. G.indd 22

9/19/19 9:45 AM

Results

23

K. pneumoniae inoculated swatches were placed into the pockets of the surrogate turnout gear and washed in-house in
our commercial washer/extractor with only Sanitizer A (no additional wash with detergent). As control, duplicate swatches
were washed with water only. Analysis of the washed swatches showed that the sanitization efficiency (Recovery of Viable cells from Sanitizer A Washed Swatch divided by Recovery of Viable Cells from Water Washed Swatch) of Fabric A,
Fabric B, Fabric C, and cotton was 51%, 68%, 67%, and 100%, respectively (Table 10).
To confirm the results shown in Table 10, qPCR analysis was performed (Table 11). The reduction of FemB copies
from viable cells remaining on the washed swatches Fabric A, Fabric B, Fabric C and cotton swatches was 75%, 66%, 67%,
and 71%, respectively. The results are in general agreement with the above viability analysis.
Table 10: Reduction in Viability of K. pneumoniae Still Present on Outer Shell Fabrics after Machine Washing
with Sanitizer A

*Washer/Extractor
Experiment
Number

1

2

Swatch
Type

Inoculum
(CFU/swatch)

Recovery
of Viable
Cells from
Water
Washed
Swatch
(CFU)

Recovery
of Viable
Cells from
Water
Washed
Swatch
(SD)

Recovery
of Viable
Cells from
Sanitizer
Washed
Swatch
(CFU)

Recovery
of Viable
Cells from
Sanitizer
Washed
Swatch
(SD)

Percent
Reduction

Fabric A

5.83E+07

2.55E+03

1.69E+02

1.28E+03

9.08E+01

50

Fabric B

5.83E+07

2.30E+03

8.50E+02

7.35E+02

1.48E+02

68

Fabric C

5.83E+07

3.64E+03

8.54E+02

1.01E+03

3.27E+01

72

Cotton

5.83E+07

2.71E+04

1.92E+03

0

0

100

Fabric A

3.46E+07

2.57E+03

2.08E+02

1.23E+03

2.04E+02

52

Fabric B

3.46E+07

2.71E+03

3.08E+02

9.17E+02

1.26E+02

66

Fabric C

3.46E+07

3.90E+03

9.34E+02

1.39E+03

4.22E+02

64

Cotton

3.46E+07

2.86E+04

3.83E+03

0

0

100

*Each experiment is average of three outer shell swatch types inserted into the pockets of surrogate turnout gear

Table 11: Reduction in FemB Copies from Viable K. pneumoniae Still Present on Outer Shell Fabrics after
Machine Washing with Sanitizer A

*Washer/
Extractor
Experiment
Number

1

2

Swatch
Type

Inoculum
(FemB
copies/
swatch)

Number
of FemB
Copies from
Viable Cells
Remaining
on Water
Washed
Swatch

Std Deviation
of FemB
Copies
Remaining
on Water
Washed
Swatch

Number
of FemB
Copies from
Viable Cells
Remaining on
Sanitizer A
Washed
Swatch

Fabric A

1.05E+07

6.06E+04

3.93E+03

1.53E+04

1.56E+02

75

Fabric B

1.05E+07

5.65E+04

1.14E+04

1.80E+04

7.22E+03

68

Fabric C

1.05E+07

5.40E+04

1.51E+04

1.88E+04

6.00E+03

65

Cotton

1.05E+07

5.06E+04

1.99E+04

1.64E+04

8.11E+03

68

Fabric A

1.03E+07

5.96E+04

8.49E+02

1.54E+04

1.91E+02

74

Fabric B

1.03E+07

6.29E+04

3.26E+04

2.11E+04

5.39E+03

66

Fabric C

1.03E+07

6.80E+04

8.92E+03

2.32E+04

5.08E+03

66

Cotton

1.03E+07

4.92E+04

1.91E+04

1.57E+04

6.87E+02

68

Std Deviation
of FemB
Copies
Remaining on
Sanitizer A
Washed
Percent
Swatch
Reduction

*Each experiment is average of three outer shell swatch types inserted into the pockets of surrogate turnout gear
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The potential for K. pneumoniae to form biofilms on these washed outer shell fabrics was then assessed. Inoculated
swatches washed in-house in our washer/extractor were incubated in DEB media for 5 hours. SEM analysis showed biofilm
formations on both Fabric A and Fabric B (Figure 10). Semi-quantitative biofilm formation resulting from cells not killed
by the Fabric Sanitizer was assessed (Figure 11). Two swatches of each fabric were processed by cutting out 0.5 in 2 sections
from the top (A) and bottom (B) halves of each swatch. Each A and B section was subdivided into a grid pattern (100 grids/
section) and biofilm formation was assessed by SEM. A grid was assessed biofilm positive if one or more biofilms were
evident. The grids of Fabric A, Fabric B, and Fabric C were 84%, 58%, and 79% positive, respectively.
Figure 10: SEM analysis of K. pneumonia biofilms on Fabric A (left panels) and Fabric B (right panels).
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Figure 11: Biofilm formation on Sanitizer-washed outer shell swatches. Each swatch subsection
(A and B) was divided into 100 fields. A field was assessed biofilm positive if one or more
biofilms were observed under SEM.

Test of New Cleaning Methodology for Disinfection of B. subtilis
Bacterial spores, in general, are more resistant to killing, and can survive under adverse environmental conditions.
Vortex-washing for 10 minutes of B. subtilis inoculated swatches with a commercial germicidal concentrate (Sanitizer B),
or Sanitizer A showed no statistical differences than swatches washed only with water (Table 12). Machine washing of
B. subtilis inoculated swatches showed highly variable results (Table 13). SEM analysis showed biofilm formations on
Fabric A (Figure 12). The inconsistent reduction of viable spores between replicate swatches indicates that Sanitizer A is
not adequate as a sanitizer of B. subtilis spores.
Table 12: Bacteriocidal Efficacy of Fabric Sanitizers on B. subtilis spores
Duration of Vortexing
in Water, Sanitizer A, or
Sanitizer B
10 minutes
% viable cells recovered

@Inoculum (CFU)
3.21 × 108

*Recovery of Viable
Cells Exposed to
Water (CFU/SD)

*Recovery of Viable
Cells Exposed to
Proquat (CFU/SD)

*Recovery of Viable
Cells Exposed to
Sanitizer (CFU/SD)

2.35 × 108/1.12 × 107

1.77 × 108/7.35 × 107

2.29 × 108/2.57 × 107

73

55

71

@Triplicate swatches for each exposure
*Variance between water, Sanitizer A, Sanitizer B: p = 0.303675 (no significant difference)
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Table 13: Reduction in Viability of B. subtilis Still Present on Outer Shell Fabrics after Machine Washing
with Sanitizer A

*Washer/Extractor
Experiment
Number

1

2

Swatch
Type

Inoculum
(CFU/swatch)

Recovery
of Viable
Cells from
Water
Washed
Swatch
(CFU)

Recovery
of Viable
Cells from
Water
Washed
Swatch
(SD)

Recovery
of Viable
Cells from
Sanitizer
Washed
Swatch
(CFU)

Recovery
of Viable
Cells from
Sanitizer
Washed
Swatch
(SD)

Percent
Reduction

Fabric A

8.63E+06

7.49E+05

3.41E+05

7.39E+05

5.75E+05

1

Fabric B

8.63E+06

1.80E+06

1.44E+06

9.78E+05

7.40E+05

46

Fabric C

8.63E+06

6.67E+05

8.63E+05

1.83E+05

1.34E+05

73

Cotton

8.63E+06

9.01E+05

3.06E+05

1.00E+06

4.86E+05

–11

Fabric A

8.63E+06

1.98E+06

5.90E+05

6.41E+05

2.85E+05

68

Fabric B

8.63E+06

1.06E+06

1.65E+05

1.23E+06

1.48E+05

–15

Fabric C

8.63E+06

1.28E+06

3.43E+05

7.21E+04

2.84E+04

94

Cotton

8.63E+06

6.51E+05

4.08E+05

1.05E+06

1.44E+05

–61

*Each experiment is average of three outer shell swatch types inserted into the pockets of surrogate turnout gear

Figure 12: SEM analysis of B. subtilis biofilms on Fabric A.
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Validation for Efficient Sanitization at Three ISPs
First Round of Validation
ISP #1 was sent three Fabric A swatches inoculated with S. aureus and three sterile swatches for the initial testing of our
validation method. The swatches were pinned to the surrogate turnout gear (pockets were later added to an updated surrogate gear) and washed with a commercial germicidal concentrate (Sanitizer B) and a fire service industrially-positioned
solvent-based detergent (Detergent A) in their commercial washer/extractor. There was 100% sanitization of S. aureus from
all three inoculated swatches and no viable S. aureus was found to have cross-contaminated the sterile swatches (Table 14).
In contrast, at least two morphologically distinct unknown (not typed) bacterial strains were found to be resistant to Sanitizer
B/Detergent A (Figure 13). If one assumes that recovery of viable bacteria from swatches is < 5%, then the number of viable
cells actually present on the swatches varies from 20–2,620, depending on the particular swatch.

Table 14: Reduction in Viability of S. aureus Following Machine Washing at ISP 1
Staphylococcus aureus

Unknown Cross Contamination

Inoculum
(CFU)

Recovery of
Viable Cells
from Inoculated
Swatch (Not
Washed)
(CFU)

Recovery of
Viable Cells
from Inoculated
Swatch
(Washed)
(CFU)

Recovery of
Viable Cells
from Sterile
Swatch
(Washed)
(CFU)

Fabric A swatch 1

2 × 107

2.57 × 105

0

0

3

112

Fabric A swatch 2

2 × 107

1.13 × 105

0

0

13

98

Fabric A swatch 3

2 × 107

1.32 × 105

0

0

1

131

Recovery of
Viable Cells
from Inoculated
Swatch
(Washed)
(CFU)

Recovery of
Viable Cells
from Sterile
Swatch
(Washed)
(CFU)

Figure 13: Sanitizer-resistant bacteria. Fabric A swatches were inoculated with 2 × 107 S. aureus, pinned to surrogate outer shell pants
and jacket, and washed with Sanitizer B/Detergent A in a commercial washer extractor at ISP 1. Inoculated swatch (T2), uninoculated
swatch (B3) showing presence of two unknown bacterial species.
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Second Round of Validation
In the second round of validation, ISP #1 and two others, ISP #2 and ISP #3, were each sent two validation kits, one specific
for S. aureus and one specific for K. pneumoniae (Figure 14). Each kit included three sterile and three inoculated Fabric A
swatches to be washed by each ISP. As controls, one sterile and three inoculated swatches were sent with instructions not
to open but maintain on ice to preserve viability of the inoculated bacteria. Three inoculated swatches were not shipped
and maintained at NIOSH as additional controls.

Figure 14: Validation testing in washer/extractors at three ISPs. Each ISP was sent two kits for testing.

All three ISPs had unknown/untyped bacteria present at their facilities that were resistant to their sanitization processes
(Figures 15 and 16). In line with previous data in this report, most of the S. aureus initially inoculated on the swatches remain
bound and only 17% was recovered from Lab Standard swatches (Table 15). Control swatches inoculated with K. pneumoniae and held on ice at the ISPs (not washed by ISP) also showed comparable recoveries (~ 7%). This confirms that each
ISP is adequately maintaining control swatches that serve as shipping/storage controls detailed in Figure 8. All three ISPs
were able to efficiently sanitize both S. aureus inoculated and K. pneumoniae inoculated swatches as assessed by colony
morphology. In contrast, both sterile and inoculated swatches washed by the ISPs had comparable levels of bacteria as a
result of untyped bacterial contaminants present during the wash cycles, with ISP #3 having >tenfold more contamination
than ISP #1 and ISP #2 (Table 15).
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Figure 15: Recovery of untyped bacterial contaminants on S. aureus inoculated swatches washed at three ISPs. Representative
examples of untyped bacterial contaminants found at all three ISPs.

ISP #1

S. aureus validation testing
ISP #2

ISP #3

Sterile swatches
• All have untyped contaminates
• No S. aureus (assessed by
morphology)

Test (inoculated) swatches
• All have untyped contaminates
• No S. aureus (assessed by
morphology)

Control (inoculated) swatches
• Only S. aureus present

Sterile swatches and Test swatches were washed and returned for lab processing
Control swatches were shipped to ISP, stored at 4°C (not washed) and returned for lab processing
All sterile swatches (shipped but not washed) were returned sterile

Table 15: Reduction in Viability of S. aureus and K. pneumonia Following Machine Washing
at Three ISPs
Not Washed by Lab

Not Washed by ISP

Washed by ISP

Initial Inoculum
(CFU/swatch)

Lab Standard
Swatches
(CFU/swatch)

Control (inoculated)
Swatches
(CFU/swatch)

Sterile Swatches
(CFU/swatch)

Test (inoculated)
Swatches
(CFU/swatch)

ISP #1

3.99E+07

6.88E+06 ±5.3E+04

2.76E+06 ±8.06E+06

9.28E+06 ±2.33E+04

1.24E+07 ±1.39E+05

ISP #2

3.99E+07

6.88E+06 ±5.3E+04

2.95E+06 ±2.69E+03

7.24E+06 ±5.04E+04

1.07E+07 ±2.62E+04

ISP #3

3.99E+07

6.88E+06 ±5.3E+04

2.83E+06 ±2.19E+04

1.29E+08 ±2.43E+05

1.57E+08 ±1.14E+06

S. Aureus

K. pneumoniae
ISP #1

4.53E+07

3.72E+04 ±6.19E+02

3.15E+04 ±1.98E+02

2.85E+05 ±2.56E+03

1.77E+06 ±7.85E+03

ISP #2

4.53E+07

3.72E+04 ±6.19E+02

9.70E+02 ±4.96E+00

7.50E+06 ±9.48E+04

5.09E+05 ±382E+03

ISP #3

4.53E+07

3.72E+04 ±6.19E+02

5.16E+02 ±3.69E+00

6.09E+07 ±3.14E+04

3.48E+07 ±1.19E+05

> 99% sanitization of S. aureus and K. pneumonia in all 3 ISPs (assessed by morphological analysis)
Highest untyped contamination is at ISP #3
Minimal loss of inculated bacteria during shipping (compare Lab standards vs Control swatches)
± Standard deviation
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Figure 16: Summary of insertion and collection of sterile Fabric A swatches after washing/drying at ISP 1.

Assessing Cleanliness of ISP 1

Third Round of Validation
The high amount of contamination from unknown bacteria found on sterile turnout gear swatches that were washed at the
three ISPs prompted an in-depth study as to the source of this contamination. ISP #1 was chosen for further analysis. We
reasoned that the source of this contamination was from either the initially loaded surrogate turnout gear and/or surrogate
ballast material, components of the wash cycle (water, surfaces of the washer/extractor and its internal mechanisms),
components of the dry cycle (surfaces of the dryer, air system), or a combination of these potential sources. To address
this (Figure 16), six sterile Fabric A swatches were attached to surrogate turnout gear and washed with surrogate ballast
material (Run #1) and six sterile swatches were attached to decommissioned turnout gear and washed with additional
decommissioned turnout gear as ballast (Run #2). After washing with Sanitizer B followed by a detergent wash with Detergent A, three swatches were removed from the surrogate turnout gear (Run #1) or from the decommissioned turnout gear
(Run #2). The three removed swatches in each run were replaced with three sterile swatches and the surrogate turnout gear
and decommissioned turnout gear were placed in a commercial dryer. After drying, all nine swatches from each run were
sent back to NIOSH for processing.
At least four morphologically distinct bacterial types were identified on the swatches at all stages of the wash/dry cycle
(Figure 17). Most of the contamination came from the swatches washed with the decommissioned turnout gear.
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Figure 17: Morphologically distinct bacterial contaminants recovered from swatches at ISP 1.

Wash only
surrogate gear

Different Morphological Types of Bacteria at ISP 1
decommissioned gear

Dry only		
surrogate gear

Wash and dry
decommissioned gear

Figure 18: Quantitation of bacterial contamination recovered on sterile swatches washed at ISP 1.

However, the amount of bacterial contamination recovered on the sterile swatches washed with decommissioned turnout
gear was only around 1.5–5 × 103 CFU/swatch (Figure 18). Further, <100 CFU/swatch was recovered from the swatches
washed with surrogate ballast (sterilized before use) (Figure 18). This is comparable to the amount of contamination
recovered on sterile swatches washed with surrogate ballast from ISP #1 in the first round of validation (Table 14) but in
stark contrast to the amount recovered from sterile swatches (2.85 × 105 – 9.29 × 106) from the same ISP in the second
round of validation (Table 15). S. aureus is not the unknown bacterial contaminant as confirmed by PCR that shows that the
FemB PCR products detected are not true PCR products but are background noise within the PCR (Figure 18, compare the
unwashed negative control swatch with washed swatches). The reason for this high variability is unclear but may be partly
a function of operator error and introducing contaminants into the wash/dry cycle during loading or a result of residual
contamination remaining from a previous wash of turnout gear.
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Next, three Fabric A swatches inoculated with S. aureus were attached to surrogate turnout gear and washed/dried
with surrogate ballast material (Run #1) and three inoculated swatches were attached to decommissioned turnout gear and
washed/dried with additional decommissioned turnout gear as ballast (Run #2) (Figure 19). Both washes included only
Sanitizer B and not Detergent A.

Figure 19: Validation for disinfection of S. aureus inoculated Fabric A swatches after washing/drying at
ISP 1.

Both washes efficiently killed all S. aureus that was inoculated on the swatches as assessed morphologically (Figure 20). However, consistent with the two runs that included the sterile swatches (Figure 18), ~103 unidentified bacteria were
found on the swatches attached to the decommissioned turnout gear and only ~102 unidentified bacteria were found on the
swatches attached to the surrogate turnout gear (Figure 20) and none of the unidentified bacteria was S. aureus (Figure 20,
FemB PCR analysis). Overall, the four wash runs performed at ISP #1 showed that this ISP was able to use this validation
protocol to effectively show that 1) their facility could efficiently sanitize contaminated swatches, and 2) their facility was
relatively free of existing bacterial contamination.
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Figure 20: ISP 1 disinfection protocol completely disinfected S. aureus inoculated swatches.

Discussion
One aim of this study was to evaluate the effectiveness of an EPA approved sanitizer, Sanitizer A (U.S. EPA #: 7048-08), to
disinfect the outer shell of fire fighter turnout gear that may be contaminated with S. aureus and reduce the risk of transfer
of this bacteria to the fire fighter. Sanitizer A contains a quaternary ammonium compound, DDAC, at 50% by weight. It was
previously reported that DDAC binds tightly through ionic and hydrophobic interactions to the membrane of S. aureus and
inserts its hydrophobic tail into the cell’s lipid bilayer that leads to leakage of intracellular constituents including genomic
DNA (29). Consistent with Jansen et al. (29), our analysis showed that Sanitizer A did not lyse S. aureus but instead, may
have rendered the cell’s membrane more amendable to lysis during a standard lysozyme-mediated laboratory extraction of
genomic DNA for qPCR analysis. This may have accounted for the significantly improved genomic DNA extraction (81%
more DNA extracted/aliquot of cells) that we obtained.
ASTM E2274 is based on the study by Petrocci and Clarke (23) that proposed a method to test the antimicrobial
effectiveness of laundry additives and is most amenable to disinfection of fabrics such as cotton and linen that are porous
and readily absorb water and laundry additives. Although Sanitizer A performed well on cotton and Fabric B in our study
(>3 log reduction of viable S. aureus), it cannot be generalized as a universal sanitizer. While cotton’s hollow hydrophilic
structure and its ability to draw a sanitizer along the fibers through capillary action aids the sanitizers’ biocide action, the
hydrophobic solid fibers of Fabric A and Fabric C resist water absorption and, likely, hinders access of the sanitizer to
any microbial masses developed on the fibers. ASTM E2274 also calls for a “sterile exposure chamber” which serves as
a “model top-loading washer/extractor” and focuses on the direct antimicrobial action of the test solution on the targeted
bacterial cells but disregards the effect of existing bacterial cells within a washer/extractor. Discovery of P. aeruginosa strains
that adapted to persist on inanimate surfaces and survive against high concentrations of quaternary ammonium have been
documented since the 1970s (30). In our study, a DDAC-resistant strain of P. aeruginosa was presumably released from
the decommissioned turnout jackets that we included as ballast in the washer/extractor tests and led to cross-contamination
of the sterile Fabric A swatches pinned to that turnout gear.
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Moreover, our analysis of a decommissioned turnout gear jacket showed the presence of bacterial biofilm that persisted
after laundering. Biofilm formation on abiotic surfaces begins with the initial reversible adhesion of bacteria to a substrate
through non-specific (e.g., hydrophobic) interactions (31). Adhesion becomes irreversible following the production by the
bacteria of exopolysaccharides that either complex directly with the surface material or attach to protein-based appendages
on the bacteria (pili, fimbriae) that, in turn, bind the surface substrate. It is at this stage that bacteria can also adhere to each
other mediated by polysaccharide intercellular adhesion molecules or via type IV pili to form multi-cell aggregates. As the
biofilm matures, cells within the aggregates replicate and become encapsulated in a complex of exopolysaccharides (the
“glycocalyx”) secreted by the cells. The glycocalyx is not only the glue that adheres the biofilm to the substrate and traps
nutrients within the structure to facilitate bacterial growth and subsequent escape of some cells from the biofilm, it also
helps shield the bacteria from the effect of sanitizers. We observed biofilm formation under SEM on Fabric A, Fabric B,
and Fabric C from all three bacteria tested in this study that were incubated in DEB for 24 hours demonstrating their ability
to adsorb, consolidate and colonize on these fabrics. The initial adhesion of S. aureus cells on Fabric A begins very early,
within 30 minutes of inoculation, and is likely facilitated by the close proximities of the fabric fibers. Moreover, the sanitizer-resistant strain of P. aeruginosa that was recovered from the decommissioned turnout gear jacket was also shown to
initiate biofilm formation on Fabric A within five hours of incubation in DEB, demonstrating the potential for rapid biofilm
formation in the field when worn by fire fighters.
Biofilms also constitute the ideal niche for transfer of plasmids containing antibiotic-resistant genes by conjugation
due to the close proximity of cells within the biofilm (30). Transfer of antibiotic resistance might help explain why MRSA
is prevalent in the fire fighting environment. Further, interactions among bacterial types like that shown between S. aureus
and P. aeruginosa in chronic wounds where their colonization, virulence, and antibiotic-resistance was noted (33), can
increase the risk to fire fighters from such bacteria on their turnout gear. These findings suggest that manufacturers of outer
shell fabrics and protective coatings should consider first investigating the material surface’s potential for strong attachment and subsequent biofilm formation, particularly since the coatings on outer shell fabrics are typically proprietary to
the manufacturer.
Our study also proposes a new full-scale laundry machine test method, designed especially to determine the efficacy
of detergents and sanitizers in the fabric cleaning process for individual washers/extractors. To validate a commercial wash
vendor’s ability to efficiently wash fire fighter turnout gear, the vendor would include outer shell fabric swatches contaminated with one or more specific bacteria species in their standard wash, and return the washed swatches to a test facility that
would assess if the swatches were sanitized. During shipping to and from the vendor, the viability of the specific bacteria
would need to be consistently maintained in order for the assay to be valid, and as such, this was confirmed in our study
for the three bacterial species tested. Initial testing of this methodology was done at NIOSH where S. aureus inoculated
Fabric A and Fabric B swatches were pinned to decommissioned turnout gear and washed in a commercial washer/extractor.
The methodology was subsequently standardized so that each ISP would be using the same type of turnout gear and ballast in an effort to be able to compare ISPs fairly. As such, a surrogate turnout gear complete with pockets for insertion
of contaminated swatches was fabricated using only Fabric A outershell material (no inner material was incorporated).
Linen material was used as ballast. The surrogate gear/ballast can be autoclaved prior to use to ensure sterility and would
allow an initial assessment of the wash protocol and cleanliness of the washer/extractor and related washer components.
Any sanitizer-resistant bacteria that is recovered on the sterile turnout gear swatches included in the wash protocol can be
typed to determine if the specific bacteria inoculated on the test swatches has become resistant or whether another type of
sanitizer resistant bacteria is present somewhere in the washer/extractor machinery. This would allow the ISP to determine
not only the extent of potential contamination, but also to devise a strategy to eliminate it (i.e., utilize a different sanitizer or
hand-clean components). In the three validation tests done at three ISPs, residual sanitizer-resistant bacteria and fungi were
recovered on the sterile swatches. The amount of contamination varied not only among the three ISPs, but also within tests
run at the same ISP. Two of the three validation tests run at ISP #1 showed fairly low levels of contamination (~100 CFUs/
swatch). In contrast, all three ISPs tested in a third validation test showed high levels of contamination (107–8 CFUs/swatch).
These results need to be assessed with caution. Possible contamination could be introduced by the workers in handling the
washed swatches or the particular washer/extractor used on that day may have been heavily contaminated from a prior wash
of extensively contaminated gear. The third round of validation was done at ISP #1 with a NIOSH scientist present during
the washings to ensure proper handling and the cleanliness of the washer/extractor used in the testing.
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Conclusions
The test method developed at NIOSH was designed to be a portable, simple, inexpensive, and reliable tool in assessing the
effectiveness of a cleaning process while accommodating variables encountered in the field such as the specific interaction
between the microorganism strains and the fabric surface, wash cycle time and temperature, and pH or wash water hardness.
It is also conceivable that each individual washer/extractor at an ISP may have a unique microbial biofilm formation which
may result in the contamination of textiles during laundering at low temperature (34), and further investigations of turnout
gear cleaning facilities are recommended. Initial testing of Sanitizer A in a washer/extractor at NIOSH was not effective
at preventing cross-contamination of outer shell fabrics with a DDAC-resistant strain of P. aeruginosa and, therefore,
such resistant strains will continue to pose a problem in washer/extractors used by ISPs. Our study also demonstrated that
the efficacy of a sanitizer depends, in part, on the type of outer shell fabric to be washed and that the potential presence
of biofilm formation within an ISP’s washers/extractors may also affect the cleanliness of the washed turnout gear. Our
improved methodology for assessing the effectiveness of cleaning outer shell fabrics is an easy, fast, and reliable alternative
for assessing the ability of an ISP to clean fire fighter turnout gear and may help reduce the occupational exposure to fire
fighters from microbial contaminants. This proposed field method is simple to implement in all washers/extractors within
each ISP, and can be readily adapted to include testing for a wide variety of bacteria species.
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Appendix A:
Laboratory Growth and Maintenance
of Bacillus subtilis
HEALTH EFFECTS LABORATORY DIVISION
Biosafety Level: 2

Purpose
Laboratory Growth, Maintenance and Sporulation of Bacillus subtilis (ATCC 6633).

Background
Bacillus subtilis, is a Gram-positive, rod-shaped, aerobic bacterium that grows at 37°C in Brain-Hearth Infusion Broth
(BHIB), Brain-Heart Infusion Agar (BHIA) and Sporulation Agar (SA). Under extreme environmental conditions, Bacillus
subtilis forms stress-resistant endospores. The laboratory procedures presented in this protocol describe how to culture
B. subtilis on liquid and solid media, how to induce endospore formation and how to generate freezer stocks for long-term
storage. Note: protocol is subject to change.

Materials Required
Bacto #237500 Brain-Hearth Infusion broth (500 g)
Sporulation Agar (detailed below)
Sterile MilliQ water
1,000 ml Pyrex® Bottle
P-1000/P-100 Pipette and tips
225 cm2 cell culture flasks (Corning #431082)
Sterilized glass beads (PYREX #7268)
100 × 15 mm Petri Dish
Sterile cell spreader
Sterile polyester-tipped applicator or toothpicks
40% glycerol solution in H2O
Cryogenic vials/1.5 mL microfuge tube
Sterile gauze, forceps, glass funnel
200 ml 65% 2-propanol
Sterile 50 ml centrifuge tube and 250 ml conical tubes

38
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Brain-Hearth Infusion Broth
Bacto Brain-Heart Infusion #237500 . . . . . . . . . . . . . 37 grams
Millipore water . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 liter
Use a 1,000 ml Pyrex bottle with sealable cap for BHIB preparation.
Weigh 37 g of BHI powder and add to 1 L MQ-H2O. Mix until powder is evenly dispersed. The broth should look very
light amber and clear. Autoclave broth at 121°C for 15 minutes.
Storage: Maintain sterility of BHIB by opening/closing in a biological safety cabinet. The broth should be discarded if it
is not free flowing or if the color has changed from the original light clear amber color. The liquid media can be stored at
room temperature or at 4oC.
Brain-Hearth Infusion Agar
Bacto Brain-Heart Infusion #237500 . . . . . . . . . . . . . 37 grams
BD Bacto Agar #214050 . . . . . . . . . . . . . . . . . . . . . . .  15 grams
Millipore water . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 liter
Use a 2,000 ml Erlenmeyer flask for BHIA preparation. Weigh 37 g of Brain-heart Infusion powder, weigh 15 g Bacto
agar and add both to 1 L MQ-H2O. Mix until powder is evenly dispersed. The solution should look light amber and clear.
Autoclave broth at 121°C for 15 minutes. Allow BHIA to cool to ~50°C and pour into 100 × 15 mm Petri dish before
solidification. Allow plates to cool and solidify at room temperature for several hours to overnight. One liter BHIA produces
approximatively 20 plates.
Storage: Place the plates upside down in a sealed plastic pouch at 4°C. The plates should be discarded if the color has
changed from the original light clear amber color.
Sporulation Agar
Peptone (BD Bacto #211677) . . . . . . . . . . . . . . . . . . .  10 g
Yeast Extract (Sigma-Aldrich #Y1625)  . . . . . . . . . . . 2 g
Manganese Sulfate (Sigma-Aldrich #M8178)  . . . . . . 40 mg
Agar (Fisher Scientific BP1423) . . . . . . . . . . . . . . . . .  15 g
MilliQ water . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 950 ml
Use a 2,000 ml Erlenmeyer flask for SA preparation. Weigh and add all components to ~1 L MQ-H2O. Thoroughly mix
solution. The SA should look very light amber and clear. Autoclaved at 121°C for 15 min. Allow SA to cool to ~50°C and
transfer into 225 cm2 cell culture flasks using a serological pipet. Allow agar flasks to cool and solidify at room temperature
for 1–2 days. One liter SA produces approximatively (4) 225 cm2 cell culture agar flasks.
Storage: Place solidified agar flasks in a sealed plastic pouch at 4°C.
The SA plates should be discarded if the color has changed from the original light clear amber color.
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Rehydration of ATCC 6633 Bacillus subtilis Lyophilized Pellet
Note: Initial growth procedure for ATCC Bacillus subtilis stock.
Sterilize and open glass vial according to ATCC instructions.
Pipet 1.0 mL of BHIB over lyophilized pellet and gently pipet up/down to rehydrate. Aseptically transfer entire aliquot
into a 10 ml flask containing BHIB. Incubate culture at 37°C, shaking at 200 rpm for 24 hours. The optical density (OD)
should reach 1.311 at 600 nm.
Streak Plating Bacillus subtilis for Colony Isolation
Use a sterile inoculating loop, transfer a small aliquot of an overnight culture of Bacillus subtilis to a BHIA plate. Utilize
either a three or four-phase streaking pattern to effectively dilute out bacterial cells and obtain individual colony forming
units (CFUs). Incubate streak plates upside down at 37°C overnight. Bacterial streak plates can be stored at 4°C for up to
one month or until agar desiccates.
Spread Plating Bacillus subtilis for Viability Assessment
To assess viability, 100 µl of diluted* sample is plated with a sterile cell spreader on BHIA plates. Ensure that all liquid
culture has been absorbed by continuous cell spreading. Incubate spread plates upside down at 37°C overnight. Enumerate
CFUs and determine final CFUs/ml.
*Dilution is based on OD600

Bacillus subtilis Cell Culture

Procedure
Using a sterile toothpick or plastic end of a polyester-tipped applicator, a single B. subtilis CFU was aseptically transferred
to a sterile Erlenmeyer flask containing 50 ml of BHIB and placed in a shaking incubator for 24 hours at 37°C, 200 rpm.
Optical density should reach ~1.684 at 600 nm.
Preparation of Bacillus subtilis Spores
Working in a biosafety cabinet, add 10 ml of sterile 4 mm glass spheres to each previously prepared 225 cm2 cell culture
agar flask (See above protocol for Sporulation Agar preparation). Pipet 10 ml of B. subtilis overnight culture into each
225 cm2 cell culture flask (containing 4 mm glass spheres). With the flask lid closed, gently rock flask in a circular motion
to distribute glass beads while spreading the B. subtilis overnight culture. Note: the liquid culture does not absorb immediately and may take several days if the sporulation agar has been freshly prepared. Place the prepared SA flasks in a 37°C
incubator and culture for two days. To induce sporulation, transfer prepared SA flasks to a 30°C incubator and culture for
an additional 23 days.

9970_NFPA_Supp. G.indd 40

9/19/19 9:45 AM

Appendix A

41

Procedure for Harvesting Bacillus subtilis Spores
Working in a biosafety cabinet, add 10 ml of sterile distilled water into each prepared 225 cm2 cell culture agar flask and
use glass beads within flask to dislodge spores from agar surface. Transfer the spore suspension into a 50 ml centrifuge
tube. Repeat these steps one more time. Using sterile forceps, place five sterile gauze pads inside a sterile glass funnel.
Wet the gauze with up to 200 ml sterile, distilled water. Gravity filter spore suspension through the gauze pads and collect
filtrate into a new sterile, 250 ml conical bottle. Equally split resulting spore suspension into 50 ml centrifuge tubes and
centrifuge for 30 minutes at 3,000 g, 10–15°C. Remove liquid from each tube, leaving only the spore pellet. Add 20 ml of
65% 2-propanol to each tube. Vortex or shake to resuspend the spore pellet in alcohol solution. Incubate tubes for 3 hours
at room temperature. Add 20 ml of sterile, deionized water to each tube and centrifuge the suspension for 30 minutes at
3,000 g, 10–15°C. Repeat this wash step five more times. After final spin, resuspend spore pellet in each tube with 10 ml
of sterile, distilled water. Vortex or shake to resuspend the spore pellet. Transfer the spore suspension from each 50 ml
centrifuge tube into a 250 ml conical bottle for storage. Important: Prior to use, store spore suspension at 4°C for four
weeks. Each 1 ml aliquot should contain approximately 107 spores. Confirm the presence of endospores using an
endospore staining procedure.
Glycerol Stocks of Bacillus subtilis
Pick a single CFU and grow an overnight culture in 2 ml Brain-Heart Infusion Broth.
Add 0.5 ml of 40% glycerol and 0.5 ml of Bacillus subtilis overnight culture in a cryogenic vial. Pipet to mix or vortex.
On the side of the vial write all relevant information.
Store in a –80°C freezer.

Personnel
Background in Molecular Biology and Microbiology
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Appendix B:
Laboratory Growth and Maintenance
of Klebsiella pneumoniae
HEALTH EFFECTS LABORATORY DIVISION
Biosafety Level: 2

Purpose
Laboratory Growth and Maintenance of Klebsiella pneumoniae (ATCC 4352).

Background
K. pneumoniae, is a Gram-negative, rod-shaped, aerobic (and at times facultatively anaerobic) bacterium that grows at 37°C
in Nutrient Broth (NB) and Nutrient Agar (NA). Basic laboratory standard operating procedures (SOPs) are presented in
this protocol and describe how to culture K. pneumoniae on liquid and solid media and how to generate freezer stocks for
long-term storage at –80°C. Note: protocol is subject to change.

Materials Required
Difco #234000 Nutrient Broth (500 g)
Difco #213000 Nutrient Agar (500 g)
Millipore water
1,000-ml Pyrex® Bottle
2,000-ml Glass Erlenmeyer flask
100 × 15 mm Petri Dish
Sterile cell spreader
Sterile polyester-tipped applicator or toothpicks
P-1000/P-100 pipette and tips
40% glycerol solution in H2O
Cryogenic vials/1.5 mL microcentrifuge tubes

Media Preparation
Nutrient Broth (NB)
Difco #234000  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 grams
Millipore water . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 liter
Use a 1,000 ml Pyrex® bottle with sealable cap for NB preparation.
Weigh 8 g of NB powder and add to 1 L MQ-H2O. Mix until powder is evenly dispersed. The broth should look very light
amber and clear. Autoclave broth at 121°C for 15 minutes.
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Storage: Maintain sterility of NB by opening/closing in a biological safety cabinet. The broth should be discarded if it is
not free flowing or if the color has changed from the original light clear amber color. The liquid media can be stored at
room temperature or at 4°C.
Nutrient Agar (NA)
Difco #213000  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23 grams
Millipore water . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 liter
Use a 2,000 ml Erlenmeyer flask for NA preparation. Weigh 23 g of NA powder and add to 1 L MQ-H2O. Mix until powder
is evenly dispersed. The NA should look very light amber and clear. Autoclave at 121°C for 15 minutes. Allow NA to cool
to ~50oC and pour into 100 × 15 mm Petri dish before solidification. Allow plates to cool and solidify at RT for several
hours to overnight. One liter of NA produces approximatively 20 plates.
Storage: Place the plates upside down in a sealed plastic pouch at 4°C. The NA plates should be discarded if the color has
changed from the original light clear amber color.
Rehydration of ATCC 4352 Klebsiella pneumoniae Lyophilized Pellet
Note: Initial growth procedure for ATCC Klebsiella pneumoniae stock
Sterilize and open glass vial according to enclosed ATCC instructions.
Pipet 1.0 mL of NB over lyophilized pellet and gently pipet up/down to rehydrate. Aseptically transfer entire aliquot into
a 10 ml flask containing NB. Incubate culture at 37°C, shaking at 200 rpm for 24 hours. The optical density (OD) should
reach 0.995 at 600 nm.
Streak Plating Klebsiella pneumoniae for Colony Isolation
Use a sterile inoculating loop, transfer a small aliquot of an overnight culture of Klebsiella pneumoniae to a NA plate.
Utilize either a three or four-phase streaking pattern to effectively dilute out bacterial cells and obtain individual colony
forming units (CFUs). Incubate streak plates upside down at 37°C overnight. Bacterial streak plates can be stored at 4°C
for up to one month or until agar desiccates.
Spread Plating Klebsiella pneumoniae for Viability Assessment
To assess viability, 100 µl of diluted* sample is plated with a sterile cell spreader on NA plates. Ensure that all liquid culture
has been absorbed by continuous cell spreading. Incubate spread plates upside down at 37°C overnight. Enumerate CFUs
and determine final CFUs/ml.
*Dilution is based on OD600

Klebsiella pneumoniae Growth Curve

Procedure
Using a sterile toothpick or plastic end of a polyester-tipped applicator, a single K. pneumoniae CFU was aseptically transferred to a sterile Erlenmeyer flask containing 10 ml of NB and placed in a shaking incubator for 22 hours at 37°C, 200 rpm.
One ml from the (above) 10 ml overnight culture was inoculated in a new flask containing 500 ml NB (1:500 inoculum).
Incubate shaking at 37°C, 200 rpm. Measure OD every hour at a wavelength of 600 nm. Monitor viability using spread
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plate counts. At the end of the log phase (10th hour), Klebsiella pneumoniae growth curve reaches the highest viable cell
concentration (1011) at an OD approximately 0.856 for a 500 ml culture broth.

Glycerol Stocks of Klebsiella pneumoniae
Pick a single CFU and grow an overnight culture in 2 ml Nutrient Broth.
Add 0.5 ml of 40% glycerol and 0.5 ml of Klebsiella pneumoniae overnight culture in a cryogenic vial. Pipet to mix or vortex.
On the side of the vial write all relevant information.
Store in a –80°C freezer.

Personnel
Background in Molecular Biology and Microbiology

Attachments
None
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Appendix C:
Laboratory Growth and Maintenance
of Pseudomonas aeruginosa
HEALTH EFFECTS LABORATORY DIVISION
Biosafety Level: 2

Purpose
Laboratory Growth and Maintenance of Pseudomonas aeruginosa (ATCC 15442)

Background
Pseudomonas aeruginosa, is a Gram-negative, rod-shaped, aerobic (and at times facultatively anaerobic) bacterium that
grows at 37°C in Tryptic Soy Broth (TSB) and Tryptic Soy Agar (TSA). The basic laboratory procedures presented in this
protocol describe how to culture P. aeruginosa on liquid and solid media and how to generate freezer stocks for long-term
storage. Note: protocol is subject to change.

Materials Required
Difco Tryptic Soy Broth BD #211825 (500 g)
Difco™ Tryptic Soy Agar BD #236950 (500 g)
Millipore water
1,000 ml Glass Pyrex® Bottle
2,000 ml Glass Erlenmeyer flask
100 × 15 mm Petri Dish
Sterile cell spreader
Sterile polyester-tipped applicator or toothpicks
P-1000/P-100 pipette and tips
40% glycerol solution in H2O
Cryogenic vials/1.5 mL microcentrifuge tubes

Media Preparation
Tryptic Soy Broth (TSB)
Difco #211825  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 grams
Millipore water . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 liter
Use a 1,000 ml Pyrex® bottle with sealable cap for TSB preparation.
Weigh 30 g of TS powder and add to 1 L MQ-H2O. Mix until powder is evenly dispersed. The broth should look very light
amber and clear. Autoclave broth at 121°C for 15 minutes.
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Storage: Maintain sterility of TSB by opening/closing in a biological safety cabinet. The broth should be discarded if it
is not free flowing, or if the color has changed from the original light clear amber color. The liquid media can be stored at
room temperature or at 4°C.
Tryptic Soy Agar (TSA)
BD #236950 (Soybean-Casein Digest Agar Medium) . . . . . . . . 40 grams
Lecithin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.7 grams
Millipore water . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 liter
Use a 2,000 ml Erlenmeyer flask for TSA preparation. Weigh 40 g of TSA powder 0.7 g of Lecithin and add to 1 L MQ-H2O.
Quaternary ammonia compounds are neutralized by lecithin. Mix until powder is evenly dispersed. The TSA should look
very light amber and clear. Autoclave at 121°C for 15 minutes. Allow TSA to cool to ~50oC and pour into 100 × 15 mm
Petri dish before solidification. Allow plates to cool and solidify at RT for several hours to overnight. One liter of TSA
produces approximatively 20 plates.
Storage: Place the plates upside down in a sealed plastic pouch at 4°C. The TSA plates should be discarded if the color
has changed from the original light clear amber color.
Rehydration of ATCC 15442 Pseudomonas aeruginosa Lyophilized Pellet
Note: Initial growth procedure for ATCC Pseudomonas aeruginosa stock
Sterilize and open glass vial according to enclosed ATCC instructions.
Pipet 1.0 mL of TSB over lyophilized pellet and gently pipet up/down to rehydrate. Aseptically transfer entire aliquot into
a 10 ml flask containing TSB. Incubate culture at 37°C, shaking at 200 rpm for 24 hours. Optical density (OD) should
reach 1.3 at 600 nm.
Streak Plating Pseudomonas aeruginosa for Colony Isolation
Use a sterile inoculating loop, transfer a small aliquot of an overnight culture of Pseudomonas aeruginosa to a TSA plate.
Utilize either a three or four-phase streaking pattern to effectively dilute out bacterial cells and obtain individual colony
forming units (CFUs). Incubate streak plates upside down at 37°C overnight. Bacterial streak plates can be stored at for up
to one month or until agar desiccates.
Spread Plating Pseudomonas aeruginosa for Viability Assessment
To assess viability, 100 µl of diluted* sample is plated with a sterile cell spreader on TSA plates. Ensure that all liquid 4°C
culture has been absorbed by continuous cell spreading. Incubate spread plates upside down at 37°C overnight. Enumerate
CFUs and determine final CFUs/ml.
*Dilution is based on OD600
Pseudomonas aeruginosa growth curve
Using a sterile toothpick or plastic end of a polyester-tipped applicator, a single Pseudomonas aeruginosa CFU was aseptically transferred to a sterile Erlenmeyer flask containing 10 ml of TSB and placed in a shaking incubator for 22 hours at
37°C, 200 rpm.
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One ml from the (above) 10 ml overnight culture was inoculated in a new flask containing 500 ml TSB (1:500 inoculum).
Incubate shaking at 37°C, 200 rpm. Measure OD every hour at a wavelength of 600 nm. Monitor viability using spread
plate counts. The Pseudomonas aeruginosa growth curve OD and colony forming units (CFU) are measured every hour. At
the end of the log phase (10th hour), Pseudomonas aeruginosa growth curve reaches the highest viable cell concentration
(1013) at OD approximately 1.014 for a 500 ml culture broth.

Glycerol Stocks of Pseudomonas aeruginosa
Pick a single CFU and grow an overnight culture in 2 ml Tryptic Soy Broth.
Add 0.5 ml of 40% glycerol and 0.5 ml of Pseudomonas aeruginosa overnight culture in a cryogenic vial. Pipet to mix or
vortex.
On the side of the vial, write all relevant information.
Store in a –80°C freezer.
Personnel
Background in Molecular Biology and Microbiology
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Appendix D:
Laboratory Growth and Maintenance
of Staphylococcus aureus
HEALTH EFFECTS LABORATORY DIVISION
Biosafety Level: 2

Purpose
Laboratory Growth and Maintenance of Staphylococcus aureus (ATCC 6538)

Background
S. aureus, is a Gram-positive, aerobic, coccal bacterium that grows at 37°C in Tryptic Soy Broth (TSB) and Tryptic Soy Agar
(TSA). Basic laboratory standard operating procedures (SOPs) are presented in this protocol and describe how to culture
S. aureus on liquid and solid media and how to generate freezer stocks for long-term storage at –80°C. Note: protocol is
subject to change.

Materials Required
Difco Tryptic Soy Broth BD #211825 (500 g)
Difco™ Tryptic Soy Agar BD #236950 (500 g)
Millipore water
1,000 ml Glass Pyrex® Bottle
2,000 ml Glass Erlenmeyer flask
100 × 15 mm Petri Dish
Sterile cell spreader
Sterile polyester-tipped applicator or toothpicks
P-1000/P-100 pipette and tips
40% glycerol solution in H2O
Cryogenic vials/1.5 mL microcentrifuge tubes

Media Preparation
Tryptic Soy Broth
Difco #211825  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 grams
Millipore water . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 liter
Use a 1,000 ml Pyrex bottle with sealable cap for TSB preparation.
Weigh 30 g of TS powder and add to 1 L MQ-H2O. Mix until powder is evenly dispersed. The broth should look very light
amber and clear. Autoclave broth at 121°C for 15 min.
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Storage: Maintain sterility of TSB by opening/closing in a biological safety cabinet. The broth should be discarded if it
is not free flowing, or if the color has changed from the original light clear amber color. The liquid media can be stored at
room temperature or at 4°C.
Tryptic Soy Agar (TSA)
BD #236950 (Soybean-Casein Digest Agar Medium) . . . . . . .  40 grams
Millipore water . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 liter
Use a 2,000 ml Erlenmeyer flask for TSA preparation. Weigh 40 g of TSA powder and add to 1 L MQ-H2O. Mix until
powder is evenly dispersed. The TSA should look very light amber and clear. Autoclave at 121°C for 15 minutes. Allow
TSA to cool to ~50°C and pour into 100 × 15 mm Petri dish before solidification. Allow plates to cool and solidify at RT
for several hours to overnight. One liter TSA produces approximatively 20 plates.
Storage: Place the plates upside down in a sealed plastic pouch at 4°C. The TSA plates should be discarded if the color
has changed from the original light clear amber color.
Rehydration of ATCC 6538 Staphylococcus aureus Lyophilized Pellet
Note: Initial growth procedure for ATCC Staphylococcus aureus stock
Sterilize and open glass vial according to enclosed ATCC instructions
Pipet 1.0 mL of TSB over lyophilized pellet and gently pipet up/down to rehydrate. Aseptically transfer entire aliquot into
a 10 ml flask containing TSB. Incubate culture at 37°C, shaking at 200 rpm for 24 hours. Optical density (OD) should
reach 1.3 at 600 nm.
Streak Plating Staphylococcus aureus for Colony Isolation
Use a sterile inoculating loop, transfer a small aliquot of an overnight culture of Staphylococcus aureus to a TSA plate.
Utilize either a three or four-phase streaking pattern to effectively dilute out bacterial cells and obtain individual colony
forming units (CFUs). Incubate streak plates upside down at 37°C overnight. Bacterial streak plates can be stored at 4°C
for up to one month or until agar desiccates.
Spread Plating Staphylococcus aureus for Viability Assessment
To assess viability, 100 µl of diluted* sample is plated with a sterile cell spreader on TSA plates. Ensure that all liquid
culture has been absorbed by continuous cell spreading. Incubate spread plates upside down at 4°C overnight. Enumerate
CFUs and determine final CFUs/ml.
*Dilution is based on OD600

Staphylococcus aureus Growth Curve

Procedure
Using a sterile toothpick or plastic end of a polyester-tipped applicator, a single Staphylococcus aureus CFU was aseptically
transferred to a sterile Erlenmeyer flask containing 10 ml of TSB and placed in a shaking incubator for 22 hours at 37°C,
200 rpm.
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One ml from the (above) 10 ml overnight culture was inoculated in a new flask containing 500 ml TSB (1:500 inoculum).
Incubate shaking at 37°C, 200 rpm. Measure OD every hour at a wavelength of 600 nm. Monitor viability using spread
plate counts. At the end of the log phase of bacterial growth (approximately 9 hours), Staphylococcus aureus growth curve
reaches the highest viable cell concentration (1011) at OD approximately 1.57 for a 500 ml culture broth.

Glycerol Stocks of Staphylococcus aureus
Pick a single CFU and grow an overnight culture in 2 ml Tryptic Soy Broth.
Add 0.5 ml of 40% glycerol and 0.5 ml of Staphylococcus aureus overnight culture in a cryogenic vial. Pipet to mix or vortex.
On the side of the vial, write all relevant information.
Store in a –80°C freezer.

Personnel
Background in Molecular Biology and Microbiology
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Appendix E:
qPCR Detection of Klebsiella pneumoniae
ATCC 4352
HEALTH EFFECTS LABORATORY DIVISION

Purpose
Real-time PCR assay for detection of K. pneumoniae PhoE gene

Background
Protocol is specific for Applied Biosystems 7500 Fast Real-Time PCR System. Note: protocol is subject to change.

Materials Required
TaqMan Fast Universal PCR Master Mix 2X (#4352042, Applied Biosystems)
Primerdesign Genesig Standard Kit for Klebsiella pneumoniae genome (#9323)
MicroAmp Fast Optical 96-Well reaction plate (#4346906, Applied Biosystems)
MicroAmp Optical Adhesive Film (#4311971, Applied Biosystems)
MicroAmp Adhesive Film Applicator (#4333183, Applied Biosystems)
Nuclease Free Water
7500 Fast Real-Time PCR System
Centrifuge with bucket rotor adaptor for 96-well plates
P-1000 pipette and tips
P-200 pipette and tips
P-100 pipette and tips
P-20 pipette and tips
P-100 12 channel-pipette and tips
P-10 12 channel-pipette and tips
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Procedure
Following genomic DNA isolation from Klebsiella pneumoniae cells prepare Master Mix for the qPCR assay as follows:
Note: prepare enough Master Mix for unknown samples as well as samples for the standard curve and two negative control,
blank samples.
(N = total number of samples and standards to be run)
2X TaqMan Fast Universal PCR Master Mix
K. pneumoniae Primer/Probe (FAM) Mix
RNAse/DNAse-free Water

N × 10.0 µl
N × 1.0 µl
N × 4.0 µl

Total qPCR Master Mix Volume
Add Sample gDNA to qPCR Master Mix

N × 15 µl
5 µl

Final qPCR Reaction Volume

20 µl

1. Prepare qPCR Master Mix (minus K. pneumoniae genomic DNA) as indicated above and vortex briefly to mix.
Aliquot 15 µl per well for each sample on 96-well Optical plate.
2. Add 5 µl of sample genomic DNA** to 15 µl of qPCR Master Mix. Carefully pipet mixture up/down to combine
all components. Avoid generating too many bubbles.
		 **Note: Prior to performing qPCR, determine DNA concentration by measuring the absorbance at 260 nm. Optimal DNA concentration ranges from picograms to nanograms. To check qPCR assay sensitivity, set up a standard
curve with diluted genomic DNA to show the linearity range.
3. Add 5 µl of K. pneumoniae Standard Template DNA (10^1 up to 10^6 gene copies) to 15 µl of qPCR Master Mix.
Carefully pipet mixture up/down to combine all components. Avoid generating too many bubbles. CAUTION:
Standard Template DNA is a significant source of contamination. Use extreme caution when pipetting standard
template DNA.
4. Seal 96-well plate with Optical Adhesive using MicroAmp Adhesive Film Applicator. Briefly centrifuge to collect
well contents.
5. Run qPCR assay using the following conditions:
7500 Fast Real-Time PCR Cycling Conditions:
Program 7500 Fast Thermocycler as follows:
Step one: Fast Taq Polymerase activation

20 seconds

Step two: “Cycling” PCR Amplification

95°C for 10 seconds, 60°C for 60 seconds

Repeat Step (2) 45×
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Data Collection And Analysis
Sample number and additional notes will be collected in a lab notebook

Safety
All experiments will be conducted in accordance with the 5th edition of the U.S. Department of Health and Human Services
(DHHS) Biosafety in Microbiological and Biomedical Laboratories

Personnel
Background in Molecular Biology and Microbiology
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Appendix F:
qPCR Detection of Pseudomonas aeruginosa
ATCC 15442
HEALTH EFFECTS LABORATORY DIVISION

Purpose
Real-time PCR assay for detection of P. aeruginosa RegA gene

Background
Protocol is specific for Applied Biosystems 7500 Fast Real-Time PCR System. Note: protocol is subject to change.

Materials Required
TaqMan Fast Universal PCR Master Mix 2X (#4352042, Applied Biosystems)
Primerdesign Genesig Standard Kit Pseudomonas aeruginosa genome (#9370)
MicroAmp Fast Optical 96-Well reaction plate (#4346906, Applied Biosystems)
MicroAmp Optical Adhesive Film (#4311971, Applied Biosystems)
MicroAmp Adhesive Film Applicator (#4333183, Applied Biosystems)
Nuclease Free Water
7500 Fast Real-Time PCR System
Centrifuge with bucket rotor adaptor for 96-well plates
P-1000 pipette and tips
P-200 pipette and tips
P-100 pipette and tips
P-20 pipette and tips
P-100 12 channel-pipette and tips
P-10 12 channel-pipette and tips
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Procedure
Following genomic DNA isolation from Pseudomonas aeruginosa cells prepare Master Mix for the qPCR assay as follows:
Note: prepare enough Master Mix for unknown samples as well as samples for the standard curve and two negative control,
blank samples.
(N = total number of samples and standards to be run)
2X TaqMan Fast Universal PCR Master Mix
P. aeruginosa Primer/Probe (FAM) Mix
RNAse/DNAse-free Water

N × 10.0 µl
N × 1.0 µl
N × 4.0 µl

Total qPCR Master Mix Volume
Add Sample gDNA to qPCR Master Mix

N × 15 µl
5 µl

Final qPCR Reaction Volume

20 µl

1. Prepare qPCR Master Mix (minus P. aeruginosa genomic DNA) as indicated above and vortex briefly to mix. Aliquot 15 µl per well for each sample on 96-well Optical plate.
2. Add 5 µl of sample genomic DNA** to 15 µl of qPCR Master Mix. Carefully pipet mixture up/down to combine
all components. Avoid generating too many bubbles.
		 **Note: Prior to performing qPCR, determine DNA concentration by measuring the absorbance at 260 nm. Optimal DNA concentration ranges from picograms to nanograms. To check qPCR assay sensitivity, set up a standard
curve with diluted genomic DNA to show the linearity range.
3. Add 5 µl of P. aeruginosa Standard Template DNA (10^1 up to 10^6 gene copies) to 15 µl of qPCR Master Mix.
Carefully pipet mixture up/down to combine all components. Avoid generating too many bubbles. CAUTION:
Standard Template DNA is a significant source of contamination. Use extreme caution when pipetting standard
template DNA.
4. Seal 96-well Optical plate with Optical Adhesive using MicroAmp Adhesive Film Applicator. Briefly centrifuge to
collect well contents.
5. Run qPCR assay using the following conditions:
7500 Fast Real-Time PCR Cycling Conditions
Program 7500 Fast Thermocycler as follows:
Step one: Fast Taq Polymerase activation

20 seconds

Step two: “Cycling” PCR Amplification

95°C for 10 seconds, 60°C for 60 seconds

Repeat Step (2) 45×
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Data Collection and Analysis
Sample number and additional notes will be collected in a lab notebook

Safety
All experiments will be conducted in accordance with the 5th edition of the U.S. DHHS Biosafety in Microbiological and
Biomedical Laboratories

Personnel
Background in Molecular Biology and Microbiology
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Appendix G:
qPCR Detection of Staphylococcus aureus
ATCC 6538
HEALTH EFFECTS LABORATORY DIVISION

Purpose
Real-time PCR assay for detection of S. aureus FEMB gene

Background
Protocol is specific for Applied Biosystems 7500 Fast Real-Time PCR System

Materials Required
TaqMan Fast Universal PCR Master Mix 2X (#4352042, Applied Biosystems)
Primerdesign Genesig Standard Kit for Staphylococcus aureus genome (#9401)
MicroAmp Fast Optical 96-Well reaction plate (#4346906, Applied Biosystems)
MicroAmp Optical Adhesive Film (#4311971, Applied Biosystems)
MicroAmp Adhesive Film Applicator (#4333183, Applied Biosystems)
Nuclease Free Water
7500 Fast Real-Time PCR System
Centrifuge with bucket rotor adaptor for 96-well plates
P-1000 pipette and tips
P-200 pipette and tips
P-100 pipette and tips
P-20 pipette and tips
P-100 12 channel-pipette and tips
P-10 12 channel-pipette and tips
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Procedure
Following genomic DNA isolation from Staphylococcus aureus cells prepare Master Mix for the qPCR assay as follows:
Note: prepare enough Master Mix for unknown samples as well as samples for the standard curve and two negative control,
blank samples
(N = total number of samples and standards to be run)
2X TaqMan Fast Universal PCR Master Mix
S. aurues Primer/Probe (FAM) Mix
RNAse/DNAse-free Water

N × 10.0 µl
N × 1.0 µl
N × 4.0 µl

Total qPCR Master Mix Volume
Add Sample gDNA to qPCR Master Mix

N × 15 µl
5 µl

Final qPCR Reaction Volume

20 µl

1. Prepare qPCR Master Mix (minus S. aureus genomic DNA) as indicated above and vortex briefly to mix. Aliquot
15 ml per well for each sample on 96-well Optical plate.
2. Add 5 µl of sample genomic DNA** to 15 µl of qPCR Master Mix. Carefully pipet mixture up/down to combine
all components. Avoid generating too many bubbles.
		 **Note: Prior to performing qPCR, determine DNA concentration by measuring the absorbance at 260 nm. Optimal DNA concentration ranges from picograms to nanograms. To check qPCR assay sensitivity, set up a standard
curve with diluted genomic DNA to show the linearity range.
3. Add 5 µl of S. aureus Standard Template DNA (10^1 up to 10^6 gene copies) to 15 µl of qPCR Master Mix. Carefully pipet mixture up/down to combine all components. Avoid generating too many bubbles. CAUTION: Standard
Template DNA is a significant source of contamination. Use extreme caution when pipetting standard template
DNA.
4. Seal 96-well plate with Optical Adhesive using MicroAmp Adhesive Film Applicator. Briefly centrifuge to collect
well contents.
5. Run qPCR assay using the following conditions:
7500 Fast Real-Time PCR Cycling Conditions:
Program 7500 Fast Thermocycler as follows:
Step one: Fast Taq Polymerase activation

20 seconds

Step two: “Cycling” PCR Amplification

95°C for 10 seconds, 60°C for 60 seconds

Repeat Step (2) 45×
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Data Collection and Analysis
Sample number and additional notes will be collected in a lab notebook

Safety
All experiments will be conducted in accordance with the 5th edition of the U.S. DHHS Biosafety in Microbiological and
Biomedical Laboratories.

Personnel
Background in Molecular Biology and Microbiology
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Appendix H:
Genomic DNA Isolation from Bacteria

Purpose
To isolate genomic DNA from Gram-positive or Gram-negative bacteria

Background
Chemical disruption of cells and/or endospores enable release of genomic DNA.
Note: Based on pending optimization PPE decontamination studies, protocol will need revisions and/or to be tailored for
each test organisms.

Materials Required
Molecular Grade Ethanol
4X Lysozyme Buffer: Reagents needed/Recipe below:
Reagent
Final Concentration
Amount Added
Tris-Cl pH8.0 (1 M)
80 mM
3.20 mL
EDTA (0.5 M)
8 mM
0.64 mL
Triton X-100
4.8%
1.92 mL
Lysozyme
80 mg/mL
3.2 g
Molecular Grade H2O
—
34.24 mL
		
40 mLs
DNeasy Blood and Tissue Kit
•
•
•
•
•
•
•
•

DNeasy Mini Spin Columns (colorless) in 2 ml Collection Tubes
Collection Tubes (2 ml)
Buffer ATL
Buffer AL
Buffer AW1 (concentrate)
Buffer AW2 (concentrate)
Buffer AE
Proteinase K

Eppendorf Centrifuge
1.5 ml Eppendorf microcentrifuge tubes
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Procedure
1. Add sample to microcentrifuge tube.
2. Centrifuge 13,000 rpm in an Eppendorf centrifuge for 1–2 minutes to collect cells/endospores (All subsequent
centrifugations are performed at room temperature).
3. Carefully remove the supernatant without disrupting the pellet.
4. Resuspend pellet in 180 µL of Qiagen ATL Buffer.
5. Add 20 µl Proteinase K and mix by inversion.
6. Incubate sample (volume 200 µl) at 55°C for one hour. Vortex several times throughout incubation to ensure the
spores remain in suspension.
7. Cool sample to room temperature.
8. Add 50 µl of 4X Lysozyme Lysis Buffer and incubate at 37°C for one hour. Vortex briefly throughout incubation.
9. Add 250 µl of Buffer AL and mix by inversion (volume is now 500 µL).
10. Incubate sample at 70°C for 10 minutes.
11. Centrifuge sample at 10,000 rpms for one minute to pellet proteinaceous debris.
12. Carefully transfer supernatant to a new microcentrifuge tube containing 250 µl 95% Ethanol and mix by inversion
(volume is now ~ 750 µl).
13. Pipet all 750 µl of sample mixture into DNeasy spin column placed within 2 mL collection tube.
14. Centrifuge at 8,000 rpm for one minute.
15. Place spin column in new 2 ml collection tube. Add 500 µl Buffer AW1 to spin column.
16. Centrifuge at 8,000 rpm for one minute. Save spin column. Discard collection tube containing flow through.
17. Place spin column in new 2 ml collection tube. Add 500 µl Buffer AW2 to spin column.
18. Centrifuge at 8,000 rpm for one minute. Save spin column. Discard collection tube containing flow through.
19. Place spin column in new 2 ml collection tube.
20. Centrifuge at 14,000 rpm for one minute to remove residual ethanol and dry spin column. Note: residual ethanol
will inhibit downstream qPCR analysis.
21. Place spin column in microcentrifuge tube (1.5 ml) and add Buffer AE to elute DNA (will need to determine optimal elution buffer, i.e., 2 × 50 µl elutions and assay the DNA concentration by Nanodrop).
22. Incubate spin column containing Buffer AE for one minute.
23. Centrifuge spin column at 8,000 rpm for one minute to elute DNA.
24. Flow through contains genomic DNA: Save this sample!
Note: Nanospec is performed to determine concentration of DNA

Data Collection and Analysis
Sample number and additional notes will be collected in a bound laboratory notebook
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Safety
All experiments will be conducted in accordance with the 5th edition of the U.S. DHHS Biosafety in Microbiological and
Biomedical Laboratories.

Personnel
Background in Molecular Biology and Microbiology
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Appendix I:
ASTM E2274 Laundry Tumbler

ASTM E2274 compliant laundry tumbler. A laundry tumbler that conforms to ASTM E2275-09 and simulates the
washing of fabric swatches in top-loading automatic washing machines. The tumbler has six 1 L jars that are removable
for sterilization. The swatches are wrapped in turnout gear fabric and placed on a spindle which is then placed in the jar
with sanitizer or detergent. The jars are tumbled at 60 rpm for the prescribed time.
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Appendix J:
Carrier Count Control for S. aureus
and Other Bacteria
Note: This method is applicable to most other bacterial species when appropriate growth media is substituted
Biosafety Level: 2

Purpose
Carrier count control test for S. aureus vegetative cells resistance on Fabric A/Fabric C/cotton fabric to the commercially
available sanitizer. This test method based on the optimized ASTM Test Method E2274-16.

Background
This test method is used to estimate the sanitizing power of a commercially available laundry additive sanitizer in the
reduction or complete kill of Staphylococcus aureus bacterial population in Fabric A/Fabric C/AATCC Ballast Cotton 100%
(cat. no: KCT-3011) fabric and wash water following a carrier count control test according to the optimized ASTM E2274
method. S. aureus, is a Gram-positive, aerobic, coccal bacterium that grows at 37°C in Tryptic Soy Broth (TSB). Basic
laboratory standard operating procedures (SOPs) are presented in this protocol and describe how to culture S. aureus on
liquid and solid media and how to test the vegetative cells resistance. Sanitizer A contains 50% didecyl dimethyl ammonium
chloride, a quaternary ammonium compound that is neutralized by the lecithin found in the Dey/Engley Broth (DEB) and
Agar (DEA). Without a neutralizer the antimicrobial product will be carried over and continue working from post-agitation
times through microbial plating and incubation. In the absence of a neutralizer the product may be described as being more
effective than it actually is. Also the neutralizing itself may be toxic to the organism tested exhibiting antibacterial activity
that may increase the apparent antimicrobial activity of the tested product. Determination of the optimal flask shaking
time was chosen based on several trials which show DEB dextrose depletion after five hours. Due to lecithin presence in
the broth medium the solution turbidity cannot be used to detect cell concentration. As S. aureus ferments the dextrose the
broth will turn from purple-opalescent to yellow. P. aeruginosa will not ferment dextrose but it can be still detectable as it
forms a pellicle on the surface of the broth.
Note: More than one technical person is needed to meet exposure time requirements

Materials Required
1.
2.
3.
4.
5.
6.
7.
8.

Sanitizer A (containing: Didecyl dimethyl ammonium chloride 50.0% and Ethanol <10% by wt)
Fabric A/Fabric C/AATCC Ballast Cotton 100% (cat. no: KCT-3011) fabric
S. aureus lyophilized pellet (ATCC 6538)
Difc Tryptic Soy Broth (TSB) BD #211825 (500 g)
Difco Dey/Engley (D/E) Neutralizer BD #281910 (500 g) with Agar
Autoclaved Millipore water (MQ)
Eppendorf tubes (2 ml) for PCR collection
1,000 ml Glass Pyrex® Bottle/2,000 ml Glass Erlenmeyer flask/100 × 15 mm Petri Dish/Sterile cell spreader/Sterile polyester-tipped applicator or toothpicks/P-1000/P-200/P-100 pipette and tips/Plastic plates
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Media Preparation
Tryptic Soy Broth (TSB)
BD #211825  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 grams
Millipore water . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 liter
Use a 1,000 ml Pyrex® bottle with sealable cap for TSB preparation. Weigh 30 grams of TSB powder and add to 1 Liter
of MQ-H2O. Mix until powder is evenly dispersed. The broth should look very light amber and clear. Autoclave broth at
121°C for 15 minutes.
Storage: Maintain sterility of TSB by opening/closing in a biological safety cabinet. The broth should be discarded if it
is not free flowing, or if the color has changed from the original light clear amber color. The liquid media can be stored at
room temperature or at 4°C for up to two weeks. Vortex before use.
Dey/Engley Neutralizer Agar (DEA)
BD #281910  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 grams
Agar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 grams
Millipore water . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 liter
Use a 1,000 ml Erlenmeyer flask for TSA preparation. Weigh 39 grams of DEA powder and 15 grams of agar and add to
1 liter of MQ-H2O. Mix and heat slightly until powder is evenly dispersed. The DEA should look very blue and cloudy.
Autoclave at 121°C for 15 minutes. Allow DEA to cool to ~50°C and pour into 100 × 15 mm Petri dish before solidification. Allow plates to cool and solidify at room temperature for several hours to overnight. One liter DEA produces
approximatively 20–25 plates.
Storage: Place the plates upside down in a sealed plastic pouch at 4°C. The TSA plates should be discarded if the color has
changed from the original light clear amber color. Use within two weeks.
Dey/Engley Neutralizer Broth (DEB)
BD #281910  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  40 grams
Millipore water . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 liter
Prepare the D/E neutralizer broth three hours before use. Dissolve 39 grams of the D/E powder in one liter of purified MQ
water and mix thoroughly. The DEB should look very blue and cloudy. Heat slightly to completely dissolve the powder
and autoclave at 121°C for 15 minutes.
Sanitizer Preparation
Prepare at least one liter according to manufacturer instructions (2.25 oz. or 66.54044 ml per hundred weight of dry fabric or
45.359237 kg), using MQ pre-equilibrated to test temperature. The dosage for 100 grams of fabric liter is 0.147 ml Sanitizer A.
Rehydration of ATCC 6538 S. aureus Lyophilized Pellet
Sterilize and open glass vial according to enclosed ATCC instructions. Pipet 1.0 ml of TSB over lyophilized pellet and
gently pipet up/down to rehydrate. Aseptically transfer entire aliquot into a 10 ml flask containing TSB. Incubate culture
at 37°C, shaking at 200 rpm. When the optical density (OD) reaches 0.4 at 600 nm the broth should contain approximately
108 bacterial cells formatting units (CFU/ml). Prepare S. aureus glycerol stocks as backup if necessary.
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Swatches Autoclave Procedure
Cut seven swatches (1 × 1.5 inches), wrap them in an aluminum protective foil and autoclaved them for 90 minutes at
121°C. One swatch will be used as a negative to verify the sterility of the procedure. Three swatches will be used as control,
and three swatches will be used to test the Sanitizer A efficiency.
Fabric Inoculation
Using a sterile toothpick or plastic end of a polyester-tipped applicator and aseptically transfer a single S. aureus CFU (from
a streak plate or a rehydrated pellet) to a sterile Erlenmeyer flask containing 10 ml of TSB. Place the Erlenmeyer flask in a
shaking incubator for four to five hours at 37°C, 200 rpm or till it reaches an OD of 0.4 at 600 nm (the broth should contain
approximately 108 bacterial CFU/ml). Inoculate six autoclaved fabric carriers with 0.03 ml of prepared inoculum per carrier.
Disperse the inoculum trying to cover much of the 1 by 1.5 inch area of each carrier. Incubate the swatches at 37° for 30
minutes. Three swatches will be used to represent the water standard and three swatches will be used to test the Sanitizer
A. PCR: Transfer 30 µl of the prepared inoculum into three Eppendorf tubes each containing 0.5 ml MQ autoclaved water
for PCR analysis.
Negative Swatch
The seventh swatch represents the lab quality control. The negative swatch is inoculated with 30 µl of MQ water and then
inserted into a test tube with lid containing 10 ml of autoclaved MQ water and vortexed for 10 seconds. The swatch is placed
in 10 ml of autoclaved DEB at 37°C, 200 rpm for 72 hours. If the DEB turns yellow it means that the swatches were not
properly sterilized or the procedure has a contamination problem.
Water Standard
Introduce three inoculated swatches each in a test tube with lid containing 10 ml of autoclaved MQ water and vortex each
tube for 10 seconds. Remove the swatches from each tube and rinse them using a pipette with 50 ml of sterile autoclaved
MQ water. Place each swatch in a sterile Erlenmeyer flask containing 10 ml of DEB and incubate for 5 hours at 37°C and
150 rpm. Dilute and plate the first and second dilution of the wash water in duplicates for each swatch/tube on DEA plates and
incubate for 24 hours at 37°C. PCR: Collect 0.5 ml from the wash water in a sterile 2 ml Eppendorf tube for PCR analysis.
Test Product (Sanitizer A)
Introduce three inoculated swatches each in a test tube with lid containing 10 ml of test product (Sanitizer A solution) and
vortex each tube for 10 seconds. Remove the swatches from each tube and rinse them using a pipette with 50 ml of sterile
autoclaved MQ water. PCR: Collect 0.5 ml from the wash water in a sterile 2 ml Eppendorf tube for PCR analysis. Place
each swatch in a sterile Erlenmeyer flask containing 10 ml of DEB and incubate for 5 hours at 37°C and 200 rpm. Neutralize the test product in each tube by adding 10 ml of DEB. Centrifuge the remaining wash water at 4,000 rpm for three
minutes and dispose of the supernatant. Suspend the precipitate in 0.2 ml of autoclaved MQ water by lightly vortexing.
Plate the aliquots on three different DEA plates and incubate for 48 hours at 37°C. Record results as Growth/No Growth.

9970_NFPA_Supp. G.indd 66

9/19/19 9:45 AM

Appendix J

67

The Five Hour Threshold
The five hour threshold is used to calculate the initial concentration of viable bacterial cells attached to the swatch that
could not be estimated at the initial inoculation.
Water Standard (the five hour threshold)
Dilute and plate the fourth and fifth dilution of the incubated DEB in duplicates for each swatch/tube on DEA plates and
incubate for 24 hours at 37°C. PCR: Collect 0.5 ml from each water standard swatch tube in a sterile 2 ml Eppendorf tube
for PCR analysis.
Test Product (the five hour threshold)
Dilute and plate the fourth and fifth dilution of the incubated DEB in duplicates for each swatch/tube on DEA plates and
incubate for 24 hours at 37°C. PCR: Collect 0.5 ml from each test product swatch tube in a sterile 2 ml Eppendorf tube
for PCR analysis.
Negative Swatch (the five hour threshold)
Plate 0.1 ml of the incubated DEB in duplicate on DEA plates and incubate for 24 hours at 37°C. PCR: Incubate for
5 hours and collect 0.5 ml in a sterile 2 ml Eppendorf tube for PCR analysis.
Results
To test the efficacy of the Sanitizer A, calculate the log reduction between the water standard swatch bacterial count and
test product swatch bacterial count.

Personnel
Background in Molecular Biology and Microbiology

References
1. ASTM E2274-16, Petrocci and Clarke “Proposed Test Method for Antimicrobial Laundry Additives” 1969

Attachments
Laboratory workflow schematics
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Appendix K:
Instructions for Laundering Swatches v.4

B2C

B1P

Pocket 2

Pocket 1

B1C
Pocket 1

Pocket 3
B3C

Pocket 2
B2P
Pocket 3
B3P

Shipment Contents
Biological
All of the swatches are to be maintained on ice or at 4°C at all times.
1.
2.
3.
4.
5.
6.

One sealed packet with three test swatches (inoculated with Staphylococcus aureus)—TO BE LAUNDERED
One sealed packet with three blank swatches (not inoculated, to test cross contamination)—TO BE LAUNDERED
One sealed packet three control swatches (inoculated with Staphylococcus aureus)—DO NOT LAUNDER
One trip blank— DO NOT LAUNDER
One beaker with sterile pins
Two strips of parafilm tape

Procedure for Biologicals
1. Cut top of sealed packets below heat seal
2. Remove contents wearing gloves, preferably in a fume hood if available
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3. Note fabric labeled fabric swatches (C = coat, P = pants)
a. Biological
i. B1C, B3C, B1P—Blank
ii. B2C, B2P, B3P—Contaminated
4. Place individual fabric swatches in surrogate clothing panel pockets according to the “Sample Placement in Surrogate Clothing Panels,” summarized below:
a. Coat Pocket 1: B1C
b. Coat Pocket 2: B2C
c. Coat Pocket 3: B3C
d. Pants Pocket 1: B1P
e. Pants Pocket 2: B2P
f. Pants Pocket 3: B3P
5. Launder as normal and dry.
		 Place the blank swatches back in the corresponding petri dishes and seal them with parafilm.
6. Place packets and trip blank in return container on ice along with the organic and metal swatches.
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Cleaning Cycle Protocol for Assembly of
Surrogate Turnout Gear and Ballast Material
Cleaning Cycle Protocol
Definitions
1. Cycle: A complete washing process consisting of a series of different operations (wash, rinse, spin, etc.)
2. Machine Conditioning Cycle: The cycle used to prepare a washer for test. This minimizes the potential background
contamination left in the machine from previous loads.
3. Normalization: The process of removing residual detergent or other chemicals from the base load
4. Pre-treatment: The washing of new base load items prior to use
5. Replication: A repeat run of a test. For example, when three duplicate runs are required, each run is referred to as
a replication.
6. Ballast Load: Material used to bring the total weight of textiles to a specified amount (or weight)
7. Test Load: The base load plus test panels with contaminated samples, test pieces and/or test materials
Cycle Loading
Notes:
1. Conditioning Cycle: The cycle used to prepare a washer for test. A conditioning cycle must be run prior to a test
cycle to clear any potential residual contamination or previous wash water from the lining of the drum and drum
base.
2. Pre-treatment: New textile items shall be treated before their first use.
3. Normalization: Before first use in any series of tests, and subsequently after every three cycles, the base load will
be normalized.
4. The drum of the extractor should be loaded to a capacity of ¾ full (75% of total drum volume).
5. Do not cram the load past the last row of drain holes in the drum closest to the extractor door.
6. Surrogate turnout gear fabric panels should be oriented with the mesh pockets on the outside of fabric when folded
and placed in the extractor.
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Surrogate Cleaning Panel Designs
Single layer fabric samples with felled seam finished edges and mesh pockets to secure contaminated test swatches
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Ballast Panel Samples
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Quantity of Samples (Based on a 60 lb. Extractor)
Sample

#Panels Ea.

Weight/Panel

Total Weight (lbs.)

Sample A:

16 panels

0.8

10.4

Sample B:

12 panels

0.8

8

Sample C:

16 panels

0.8

12.8

Sample D:

3 panels

0.6

1.8

Sample E:
3 panels
0.8
2.4
		
Sample F:
27 panels
0.4
3.6
							
Total load weight: 43 lbs.
Load recommended for a 60 lb washer/extractor

Quantity of Samples (Based on a 40 lb. Extractor)
Sample

#Panels Ea.

Sample A:

9 panels

0.8

7.2

Sample B:

9 panels

0.8

7.2

Sample C:

9 panels

0.8

7.2

Sample D:

3 panels

0.6

1.8
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60 lb. Washer Loading Steps
Step
Sequence

Item

Sample
Orientation

Sample Picture

Orientation
Description

Measurements

Number
of Items

1

Surrogate PPE
coat sample
with test
swatches

surrogate coat panel
folded in half over on
itself with non-sample
side facing inward

46″ × 32″
coat panel

1

2

Ballast
material

27″ × 59″
fabric folded in thirds
at 2′ increments

27″ × 60″

1

3

Ballast
material

27″ × 59″
fabric folded in thirds
at 2′ increments

27″ × 60″

1

4

Ballast strips

10″ × 30″
strips placed side-byside oriented front to
back in drum

10″ × 30″

3

5

Ballast
material

fabric folded in thirds
at 2′ increments

27″ × 59″

1

6

Ballast
material

fabric folded in thirds
at 2′ increments

27″ × 59″

1

7

Ballast
material

fabric folded in thirds
at 2′ increments

27″ × 59″

1

8

Ballast
material

10″ × 30″
strips placed side-byside oriented front to
back in drum

27″ × 59″

1

(continues)
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Item

Sample
Orientation

Sample Picture

Orientation
Description

Measurements

Number
of Items

9

Surrogate PPE
pant sample
with test
swatches

surrogate pant panel
folded in half over on
itself with non-sample
side facing inward

40″ × 32″
pant panel

1

10

Ballast strips

10″ × 30″
strips placed side-byside oriented front to
back in drum

10″ × 30″

3

11

Ballast
material

fabric folded in thirds
at 2′ increments

27″ × 59″

1

12

Ballast
material

fabric folded in thirds
at 2′ increments

27″ × 59″

1

13

Ballast
material

fabric folded in thirds
at 2′ increments

27″ × 59″

1

14

Ballast
material

fabric folded in thirds
at 2′ increments

27″ × 59″

1

15

Ballast
material

fabric folded in thirds
at 2′ increments

27″ × 59″

1

16

Ballast strips

strips placed side-byside oriented front to
back of drum

10″ × 30″

3
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Step
Sequence

Item

Sample
Orientation

Sample Picture

Orientation
Description

79

Measurements

Number
of Items

17

Ballast
material

fabric folded in thirds
at 2′ increments

27″ × 59″

1

18

Ballast
material

fabric folded in thirds
at 2′ increments

27″ × 59″

1

19

Surrogate coat
sample with
test swatches

surrogate coat panel
folded in half over
on itself with nonaccessory side facing
inward

46″ × 32″
coat panel

1

20

Ballast
material

fabric folded in thirds
at 2′ increments

27″ × 59

1

21

Ballast
material

fabric folded in thirds
at 2′ increments

27″ × 59″

3

22

Ballast
material

fabric folded in thirds
at 2′ increments

27″ × 59″

1

23

Ballast
material

fabric folded in thirds
at 2′ increments

27″ × 59″

1

24

Ballast strips

strips placed side-byside oriented front to
back of drum

10″ × 30″

3

(continues)
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Item

Sample
Orientation

Sample Picture

Orientation
Description

Measurements

Number
of Items

25

Ballast
material

fabric folded in thirds
at 2′ increments

27″ × 59″

1

26

Ballast
material

surrogate pant panel
folded in half over on
itself with non-pocket
side facing inward

40″ × 32″
pant panel

1

27

Ballast
material

fabric folded in thirds
at 2′ increments

27″ × 59″

1

28

Surrogate pant
sample with
test swatches

surrogate pant panel
folded in half over on
itself with non-sample
side facing inward

40″ × 32″
pant panel

1

29

Ballast strips

strips placed side-byside oriented front to
back of drum

10″ × 30″

3

30

Ballast
material

fabric folded in thirds
at 2′ increments

27″ × 59″

1

31

Ballast
material

fabric folded in thirds
at 2′ increments

27″ × 59″

3
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Sequence

Item

Sample
Orientation

Sample Picture

Orientation
Description

81

Measurements

Number
of Items

32

Ballast
material

fabric folded in thirds
at 2′ increments

27″ × 59″

1

33

Ballast
material

fabric folded in thirds
at 2′ increments

27″ × 59″

1

34

Ballast strips

strips placed side-byside oriented front to
back of drum

10″ × 30″

3

35

Ballast
material

fabric folded in thirds
at 2′ increments

27″ × 59″

1

36

Ballast
material

fabric folded in thirds
at 2′ increments

27″ × 59″

1

37

Surrogate coat
sample with
test swatches

surrogate coat panel
folded in half over
on itself with nonaccessory side facing
inward

46″ × 32″
coat panel

1

38

Ballast
material

fabric folded in thirds
at 2′ increments

27″ × 59″

1

39

Ballast
material

fabric folded in thirds
at 2′ increments

27″ × 59″

3

(continues)
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82

Step
Sequence

Supplement G: Report of Biological Contamination, Extraction, and Analysis Procedures

Item

Sample
Orientation

Sample Picture

Orientation
Description

Measurements

Number
of Items

40

Ballast
material

fabric folded in thirds
at 2′ increments

27″ × 59″

1

41

Ballast
material

fabric folded in thirds
at 2′ increments

27″ × 59″

1

42

Ballast
material

fabric folded in thirds
at 2′ increments

27″ × 59″

1

43

Ballast strips

strips placed side-byside oriented front to
back of drum

10″ × 30″

3

44

Ballast
material

fabric folded in thirds
at 2′ increments

27″ × 59″

1

45

Ballast
material

fabric folded in thirds
at 2′ increments

27″ × 59″

1

46

Ballast
material

fabric folded in thirds
at 2′ increments

27″ × 59″

1

47

Ballast
material

fabric folded in thirds
at 2′ increments

27″ × 59″

1
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Step
Sequence

Item

Sample
Orientation

Sample Picture

Orientation
Description

Measurements

83

Number
of Items

48

Surrogate pant
sample with
test swatches

surrogate pant panel
folded in half over on
itself with non-pocket
side facing inward

40″ × 32″
pant panel

1

49

Ballast strips

strips placed side-byside oriented front to
back of drum

10″ × 30″

3

50

Ballast
material

fabric folded in thirds
at 2′ increments

27″ × 59″

1

51

Ballast
material

fabric folded in thirds
at 2′ increments

27″ × 59″

1

52

Ballast strips

strips placed side-byside oriented front to
back of drum

10″ × 30″

3

53

Ballast
material

fabric folded in thirds
at 2′ increments

27″ × 59″

1

54

Ballast
material

fabric folded in thirds
at 2′ increments

27″ × 59″

1

55

Ballast
material

fabric folded in thirds
at 2′ increments

27″ × 59″

1

(continues)
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84

Step
Sequence

Supplement G: Report of Biological Contamination, Extraction, and Analysis Procedures

Item

Sample
Orientation

Sample Picture

Orientation
Description

Measurements

Number
of Items

56

Ballast
material

fabric folded in thirds
at 2′ increments

27″ × 59″

1

57

Ballast
material

fabric folded in thirds
at 2′ increments

27″ × 59″

1

58

Ballast
material

fabric folded in thirds
at 2′ increments

27″ × 59″

1

59

Ballast
material

fabric folded in thirds
at 2′ increments

27″ × 59″

1

Measurements

Number
of Items

40 lb. Washer Loading Steps
Step
Sequence

Item

Sample
Orientation

Sample Picture

Orientation
Description

1

Surrogate coat
sample with
test swatches

surrogate coat panel
folded in half over on
itself with non-sample
side facing inward

46″ × 32″
coat panel

1

2

Ballast material

27″ × 59″
fabric folded in thirds
at 2′ increments

27″ × 60″

1

3

Ballast material

27″ × 59″
fabric folded in thirds
at 2′ increments

27″ × 60″

1
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Step
Sequence

Item

Sample
Orientation

Sample Picture

Orientation
Description

85

Measurements

Number
of Items

4

Ballast strips

10″ × 30″
strips placed side-byside oriented front to
back in drum

10″ × 30″

3

5

Ballast material

fabric folded in thirds
at 2′ increments

27″ × 59″

1

6

Ballast material

10″ × 30″
strips placed side-byside oriented front to
back in drum

27″ × 59″

1

7

Surrogate pant
sample with
test swatches

surrogate pant panel
folded in half over on
itself with non-sample
side facing inward

40″ × 32″
pant panel

1

8

Ballast material

fabric folded in thirds
at 2′ increments

27″ × 59″

1

9

Ballast material

fabric folded in thirds
at 2′ increments

27″ × 59″

1

10

Ballast material

fabric folded in thirds
at 2′ increments

27″ × 59″

1

11

Ballast strips

strips placed side-byside oriented front to
back of drum

10″ × 30″

3

12

Ballast material

fabric folded in thirds
at 2′ increments

27″ × 59″

1

(continues)
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86

Step
Sequence

Supplement G: Report of Biological Contamination, Extraction, and Analysis Procedures

Item

Sample
Orientation

Sample Picture

Orientation
Description

Measurements

Number
of Items

13

Surrogate coat
sample with
test swatches

surrogate coat panel
folded in half over
on itself with nonaccessory side facing
inward

46″ × 32″
coat panel

1

14

Ballast material

fabric folded in thirds
at 2′ increments

27″ × 59″

1

15

Ballast material

fabric folded in thirds
at 2′ increments

27″ × 59″

3

16

Ballast material

fabric folded in thirds
at 2′ increments

27″ × 59″

1

17

Ballast material

fabric folded in thirds
at 2′ increments

27″ × 59″

1

18

Surrogate pant
sample with
test swatches

surrogate pant panel
folded in half over on
itself with non-sample
side facing inward

40″ × 32″
pant panel

1

19

Ballast strips

strips placed side-byside oriented front to
back of drum

10″ × 30″

3

20

Ballast material

fabric folded in thirds
at 2′ increments

27″ × 59″

1
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Step
Sequence

Item

Sample
Orientation

Sample Picture

Orientation
Description

87

Measurements

Number
of Items

21

Ballast material

fabric folded in thirds
at 2′ increments

27″ × 59″

3

22

Ballast material

fabric folded in thirds
at 2′ increments

27″ × 59″

1

23

Ballast material

fabric folded in thirds
at 2′ increments

27″ × 59″

1

24

Ballast strips

strips placed side-byside oriented front to
back of drum

10″ × 30″

3

25

Surrogate coat
sample with
test swatches

surrogate coat panel
folded in half over
on itself with nonaccessory side facing
inward

46″ × 32″
coat panel

1

26

Ballast material

fabric folded in thirds
at 2′ increments

27″ × 59″

1

27

Ballast material

fabric folded in thirds
at 2′ increments

27″ × 59″

3

28

Ballast material

fabric folded in thirds
at 2′ increments

27″ × 59″

1

29

Ballast material

fabric folded in thirds
at 2′ increments

27″ × 59″

1

(continues)
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88

Step
Sequence

Supplement G: Report of Biological Contamination, Extraction, and Analysis Procedures

Item

Sample
Orientation

Sample Picture

Orientation
Description

Measurements

Number
of Items

30

Ballast material

Fabric folded in thirds
at 2′ increments

27″ × 59″

1

31

Surrogate pant
sample with
test swatches

surrogate pant panel
folded in half over on
itself with non-pocket
side facing inward

40″ × 32″
pant panel

1

32

Ballast material

fabric folded in thirds
at 2′ increments

27″ × 59″

1

33

Ballast strips

strips placed side-byside oriented front to
back of drum

10″ × 30″

3

34

Ballast material

fabric folded in thirds
at 2′ increments

27″ × 59″

1

35

Ballast material

fabric folded in thirds
at 2′ increments

27″ × 59″

1

36

Ballast material

fabric folded in thirds
at 2′ increments

27″ × 59″

1

37

Ballast material

fabric folded in thirds
at 2′ increments

27″ × 59″

1

38

Ballast material

fabric folded in thirds
at 2′ increments

27″ × 59″

1

9970_NFPA_Supp. G.indd 88

9/19/19 9:46 AM

Appendix L

89

Wash Load Weight Chart
60 lb. Extractor
Step Sequence

Sample

40 lb. Extractor
Weight (lbs.)

Step Sequence

Sample

Weight (lbs.)

1

D

0.6

1

D

0.6

2

C

0.8

2

C

0.8

3

A

0.8

3

A

0.8

4

F

0.4

4

F

0.4

5

C

0.8

5

B

0.8

6

B

0.8

6

C

0.8

7

A

0.8

7

E

0.8

8

C

0.8

8

A

0.8

9

E

0.8

9

B

0.8

10

F

0.4

10

C

0.8

11

A

0.8

11

F

0.4

12

C

0.8

12

A

0.8

13

A

0.8

13

D

0.6

14

B

0.8

14

C

0.8

15

C

0.8

15

B

0.8

16

F

0.4

16

A

0.8

17

B

0.8

17

C

0.8

18

A

0.8

18

E

0.8

19

D

0.6

19

F

0.4

20

C

0.8

20

B

0.8

21

B

0.8

21

C

0.8

22

A

0.8

22

A

0.8

23

C

0.8

23

B

0.8

24

F

0.4

24

F

0.4

25

A

0.8

25

D

0.6

26

B

0.8

26

A

0.8

27

C

0.8

27

C

0.8

28

E

0.8

28

B

0.8

29

F

0.4

29

A

0.8

30

B

0.8

30

B

0.8
(continues)
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90

Supplement G: Report of Biological Contamination, Extraction, and Analysis Procedures

60 lb. Extractor
Step Sequence

Sample

31

C

32

Step Sequence

Sample

0.8

31

E

0.8

A

0.8

32

C

0.8

33

B

0.8

33

F

0.4

34

F

0.4

34

A

0.8

35

C

0.8

35

B

0.8

36

A

0.8

36

C

0.8

37

D

0.6

37

B

0.8

38

A

0.8

38

A

0.8

39

C

0.8

Total

40

B

0.8

41

A

0.8

42

C

0.8

43

F

0.4

44

B

0.8

45

C

0.8

46

A

0.8

47

B

0.8

48

E

0.8

49

F

0.4

50

A

0.8

51

C

0.8

52

F

0.4

53

A

0.8

54

C

0.8

55

B

0.8

56

A

0.8

57

C

0.8

58

B

0.8

59

A

0.8

Total
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