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Disclaimer 

The United States Environmental Protection Agency (EPA), through its Office of Research and 
Development’s National Homeland Security Research Center, funded and managed this 
evaluation. The document was prepared by Battelle Memorial Institute under EPA Contract 
Number EP-C-15-002; Task Order 0009. This document was reviewed in accordance with EPA 
policy prior to publication. Note that approval for publication does not signify that the contents 
necessarily reflect the views of the Agency. Mention of trade names or commercial products 
does not constitute endorsement or recommendation for use of a specific product.  
 
Questions concerning this document, or its application should be addressed to: 
 
Dr. Worth Calfee 
United States Environmental Protection Agency 
109 T.W. Alexander Drive 
Mail Code: E343-06 
Research Triangle Park, NC 27711 
calfee.worth@epa.gov 
919-541-7600 
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EXECUTIVE SUMMARY 

The United States Environmental Protection Agency (EPA) is the federal lead supporting 
remediation of land and public infrastructure following the release of a hazardous substance to 
the environment that threatens public health. EPA’s remediation responsibility includes 
responding to a bioterrorism incident, such as the release of Bacillus anthracis (B. anthracis) in 
an urban area. EPA, in coordination with other Government agencies, National Laboratories, and 
Stakeholders have conducted studies to support preparation for response and remediation 
following such a release. These studies have included releases of surrogates for B. anthracis 
spores in outdoor environments and subway stations to better understand the transport of 
aerosols and to assess models to predict their behavior. Those studies have also been used to 
establish and assess air and surface sampling methods.  
In addition to sampling methods, EPA has also pioneered the development of new analytical 
methods supporting response and remediation efforts. EPA has developed culture, polymerase 
chain reaction (PCR), and Rapid Viability (RV) PCR quantification and identification protocols 
for B. anthracis species that are used by EPA’s Office of Emergency Management 
Environmental Response Laboratory Network (ERLN) (EPA, 2012 and Shah, 2017). The 
analytical methods used in this current study were based on EPA’s 2012 version of “Protocol for 
Detection of B. anthracis Spores from Environmental Samples During the Remediation Phase of 
an Anthrax Event,” but with some updates based on EPA’s 2017, Second Edition. 
Following a biological contamination incident, the spatial extent of the contamination should be 
determined using established sampling and analytical methods such as those noted above. A 
previous study demonstrated that a sampling strategy involving native air samplers could be 
implemented in an urban area with the cooperation and collaboration of the public-private sector 
(Ackelsberg, et al., 2011). Particulate filters indigenous to the affected area, and although 
intended for other applications (e.g., ambient air quality particulate sampler or building heating, 
ventilation, and air conditioning [HVAC] filter), may be operating during and/or immediately 
after an incident. Thus, those ubiquitous native air filters (NAFs) offer the potential to better map 
an incident by having a potentially higher quantity of organisms collected and/or provide a 
higher fidelity of mapping. Inherently, those NAFs will have or will be collecting ambient 
particulate matter prior to and/or during the incident. The impact of the ambient particulate load 
on the NAFs may interfere with the current analytical methods to recover, identify, and quantify 
B. anthracis. In this study, EPA seeks to assess the feasibility of using NAFs for potential use in 
biological incident extent mapping. If feasible, it could facilitate subsequent sampling plans, 
increase the speed of a response, and potentially save cost.  
The objective of this study was to identify and evaluate the compatibility of currently deployed 
NAF devices (e.g., PM10 samplers, building HVAC filters) with current B. anthracis analytical 
methods (culture and RV-PCR), for the ultimate goal of characterizing and mapping the extent of 
contamination following a biological contamination incident involving B. anthracis spores. 
Literature containing pertinent information related to field air sampling equipment was surveyed 
to identify sources of filters and their filter types associated with native air samplers. Two classes 
of native air samplers were defined and from which filters were sought: 1) air quality (AQ) 
samplers such as those used at air quality monitoring sites around the United States and 2) non-
air quality (non-AQ) filters such as those in a building HVAC system or various types of air 
filters associated with transportation vehicles that would be ubiquitous and likely operating in an 
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urban setting. These filter types were utilized in laboratory-based testing whereby a known 
quantity of Bacillus anthracis Sterne (B. a. Sterne) (non-pathogenic strain of B. anthracis, used 
as a surrogate for fully virulent strains) spores were spiked onto the filter media. Currently-
recommended B. anthracis analytical methods, culture and RV-PCR, were attempted on the 
spiked media. 
The key findings, conclusions, and recommendations from this research are:  

• The foremost conclusion is that filters recovered from both AQ and non-AQ filters may 
be useful and beneficial to analyze for B. anthracis to help map the extent of biological 
incidents, recognizing there are limitations to their use. This conclusion is made based on 
the data showing that, even in the presence of other particulate matter having been 
collected on filters, B. a. Sterne spores that were spiked onto the filters could be 
recovered and successfully detected; however, the study results clearly indicate that the 
background flora and other particulate matter can adversely impact the method sensitivity 
and accuracy. Consequently, the NAF could be used to supplement results from other 
sampling plans but should not be relied upon solely as the definitive biological release 
incident mapping tool. The overall accuracy of the method properly detecting B. a. Sterne 
(combined true positives and true negatives) across all filter types was 82% for culture 
and 85% for RV-PCR. 

• RV-PCR can be used to positively identify viable B. a. Sterne in the presence of complex, 
dirty sample matrices of NAFs. However, background flora and grime collected can 
impact the lower limit of detection and/or reduce the response to B. a. Sterne. 

• Background flora and non-living material (dirt/grime) interferes with identification and 
quantifying B. a. Sterne using the traditional plate culture method, particularly for non-
AQ filters. Presumptive B. a. Sterne colonies may not actually be the target organism 
because background flora can have an indistinguishable colony morphology, leading to 
false positives and an overestimate of the detection of the B. a. Sterne. Conversely, the 
apparent B. a. Sterne quantity recovered can be biased low due to suppression of 
B. a. Sterne growth with competing background flora. It is possible for so much 
background flora to be present on NAFs such that the presence of B. a. Sterne cannot be 
made, potentially leading to false negatives.  

• The RV-PCR method requires great care and diligence to implement effectively. Most 
notably, glove changes were required between samples for each step, which is onerous 
and time consuming; however, it was found to be necessary to minimize cross-
contamination. 

• The primary recommendation is to assess the impact that spiking of B. a. Sterne spores 
onto the NAF substrates has on the recovery and subsequent analyses. The liquid 
suspension spiking method may bias the recovery efficiencies favorably (higher 
efficiency) or unfavorably. Specifically, it is recommended to expand the study by 
generating an aerosol of B. a. Sterne and then pulling the aerosol-laden air through the 
NAF rather than applying spores via a liquid suspension spike. The method would then 
be applied to recover and analyze for B. a. Sterne. This approach is expected to primarily 
affect spore recovery, which then may impact detection limits and or accuracy to identify. 

• Priority should be placed on analyzing filters having the lowest loading of background 
particulate matter, to the extent that can be determined by the shortest duty cycle of non-
AQ filters or by gravimetric analysis of AQ filters. 
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1.0  INTRODUCTION 

1.1  Background 

Under Emergency Support Function #10 of the National Response Framework, the United States 

Environmental Protection Agency (EPA) is responsible for the remediation of land and public 

infrastructure following a biological contamination incident such as an act of bioterrorism 

involving the release of Bacillus anthracis (B. anthracis) in an urban area 

(https://www.fema.gov/media-library/assets/documents/117791. EPA, in coordination with other 

Government agencies, National Laboratories, and Stakeholders have conducted studies to 

support preparation for that role. These studies have included releases of surrogates for B. 

anthracis in outdoor environments and subway stations to better understand the transport of 

aerosol releases and to assess models to predict the spread of the particles. Those studies have 

also been used to establish and assess air and surface sampling methods.  

In addition to sampling methods, EPA has also pioneered the development of new analytical 

methods supporting response and remediation efforts. EPA has developed culture, polymerase 

chain reaction (PCR), and Rapid Viability (RV) PCR quantification, and identification protocols 

for B. anthracis species that are used by EPA’s Office of Emergency Management 

Environmental Response Laboratory Network (ERLN) (EPA, 2012 and Shah, 2017). The 

analytical methods used in this study were based on EPA’s 2012 version of “Protocol for 

Detection of B. anthracis Spores from Environmental Samples During the Remediation Phase on 

an Anthrax Event,” but with some updates based on EPA’s 2017, Second Edition. 

In the case of a biological contamination incident, EPA must characterize the extent of the spread 

of the biological threat agent using established sampling and analytical methods such as those 

noted above. Although a biological contamination incident may occur where BioWatch samplers 

are operated, they may not be present in sufficient numbers and optimally spaced or located to 

adequately characterize the biological threat agent spread. A previous study demonstrated that a 

sampling strategy involving native air samplers could be implemented in an urban area with the 

cooperation and collaboration of the public-private sector (Ackelsberg, et al., 2011). Particulate 

filters indigenous to the affected area, and although intended for other applications (e.g., ambient 

air quality particulate sampler or building heating, ventilation, air conditioning [HVAC] filter) 

are likely to be more prevalent, widely dispersed, and operating during and/or immediately after 

https://www.fema.gov/media-library/assets/documents/117791
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an incident. Thus, those ubiquitous native air filters (NAFs) offer the potential to better map an 

incident by having a potentially higher quantity of organisms collected and/or provide a higher 

fidelity of mapping through their higher abundance/density in comparison to purposefully 

deployed counterterrorism air samplers. Inherently, those NAFs will have or will be collecting 

ambient particulate matter prior to and/or during the incident. The impact of the ambient 

particulate load on the NAFs may interfere with the current analytical methods to recover, 

identify, and quantify B. anthracis. EPA seeks to assess the feasibility of using NAFs for 

potential use in biological incident extent mapping by assessing their compatibility with current 

B. anthracis analytical approaches. If feasible, it could facilitate subsequent sampling plans, 

increase the speed of a response, and potentially save cost. 

1.2  Objective 

The objective of this study was to identify and evaluate the compatibility of B. anthracis 

analytical methods with currently deployed NAF devices (e.g., PM10 samplers, building HVAC 

filters) for the ultimate purpose of assessing whether NAFs are feasible to use for characterizing 

and mapping the extent of contamination following a biological contamination incident 

involving B. anthracis spores. 

1.3  Scope 

The scope of the research reported here was to assess the EPA methods to recover and 

subsequently analyze for the positive identification of B. anthracis spores – specifically, Bacillus 

anthracis Sterne (B. a. Sterne) spores that were spiked by applying droplets of a stock spore 

suspension onto both air quality (AQ) filters (PM2.5 and PM10 filters from ambient air quality 

monitoring sites) and non-air quality (non-AQ) filters from bus engine air intake filters, building 

HVAC filters, subway platform filters, and subway rolling stock filters. A total of 377 filter 

samples were spiked with B. a. Sterne, recovered per EPA protocols and analyzed using both 

culture and molecular methods based on those previously developed by EPA (EPA, 2012). 

(Initially, EPA’s 2012 version of “Protocol for Detection of B. anthracis Spores from 

Environmental Samples During the Remediation Phase of an Anthrax Event” was used because 

the 2017 version was not yet finalized.) Elements of the EPA 2017, Second Edition version 
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(Shah, 2017) were incorporated as noted in this report in order to ensure the results reflected the 

state-of-the-art of the methods and gave the best indication of method capability. 

The performance of the culture method was assessed by determining percent recovery efficiency 

of presumptive B. a. Sterne spores spiked onto the filter, which was also used to define 

frequency of false positives and false negatives. The performance of the molecular method was 

assessed by whether a positive identification was made, which was then used to determine a 

frequency of accurate identification, false positives, and false negatives. 

It is important to note that this study was not solely an assessment of the analytical method to 

identify and/or quantify B. anthracis, but rather an assessment of the method end-to-end, to 

include physical recovery from the filter media (and other grime or flora associated with the 

filter operation in its intended use) followed by the B. a. Sterne analytical method. It is that end-

to-end analysis that was the key element to assess method performance. Consequently, the study 

provided information on the limitations and opportunity for improvement of the methods, as well 

as providing a baseline of processing and analyzing samples that may be encountered in an 

actual incident response.  
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2.0  MATERIALS AND METHODS 

2.1  Filter Categories and Selection 

Two categories of NAFs were assessed: those used in AQ samplers (for PM2.5 and PM10 

collection for ambient air quality monitoring) and those used in non-AQ applications (e.g., bus 

filter, building HVAC filter, subway platform filter, and subway rolling stock filter).  

2.1.1  AQ Filters 
The selection of PM2.5 and PM10 samples for use during this NAF project was based on a query 

of EPA’s Air Quality System, which revealed that there are 2,585 active PM2.5 monitors and 

4,719 active PM10 monitors located across the United States. Therefore, if an incident involving 

a biological aerosol release occurred, one or more of those samplers may be able to be used to 

help determine the extent of the release (i.e., the area of contamination). The AQ filters used 

were 47-mm diameter Teflon for the PM2.5 and 8- x 10-inch (20 x 25 cm) glass fiber filter for 

the PM10. Representative images of each AQ type is shown in Figure 1. The 47-mm-diameter 

filters were cut into quarters to prepare test coupons for testing. Coupons, 4 x 4 cm, were cut 

from the flat sheet PM10 filters, avoiding the edges of the filter. The filters were recovered from 

four targeted geographic regions, nominally from the Northeast, Southeast, North, and West to 

the extent possible. The PM2.5 filters recovered for use were from Arizona (AZ), Florida (FL), 

Massachusetts (MA), and Wisconsin (WI). The PM10 filters recovered were from California 

(CA), New Hampshire (NH), South Carolina (SC), and Wisconsin (WI). 

AQ filters with relative ambient particulate loading levels of average (Avg) and high (High), as 

determined by gravimetric analysis data accompanying the filters, were obtained from each 

geographic region for each filter type. The relative particulate load descriptors of Avg and High 

were assigned by comparing the mass loading for filters from that region. Filters with the highest 

mass loading were selected and denoted as High and those near the middle of the mass loadings 

were denoted as Avg. Filters that had not been used to sample ambient air and thus had no 

ambient particulate loading were denoted as New filters or New media. (Because the same filter 

media was used, the New media was obtained independent of the geographic region and 

represented all.) Sample availability and project scope did not allow for selecting filters for 

specific times of the year.  



EPA/600/R-19/082  
August 2019 

5 

 
Figure 1. Air Quality Filter Types: PM2.5 (Left: High and Avg Particulate Loads) 

and PM10 (Right: New Media) 

2.1.2  Non-AQ Filters 
Representative images of each non-AQ filter type – building HVAC filter, bus filter, subway 

platform filter, and the subway rolling stock filter – are shown in Figure 2. All four filter types 

were pleated, but no additional information regarding the media type, fiber properties, or fiber 

density were provided. The swatches of filter media cut from the filters and used as coupons 

were generally obtained from the flat surface of the pleat, avoiding the pleat peaks and valleys. 

The bus filter, subway platform filter, and the subway rolling stock filter were all obtained from 

the New York City Transit (NYCT) system. The NYCT Authority has been involved in prior, 

related studies such as the Underground Transport Restoration (UTR) 2017 project, so there are 

additional data related to those filters that may complement these results (Serre and Oudejans, 

2017), but are beyond the scope of this project. EPA requested that NYCT provide filters from 

each of the applications/locations that were unused (New), in the middle portion of their duty 

cycle (Mid), and at the end-of-duty cycle (End) as determined by their maintenance schedule. 

NYCT provided filters following these guidelines, so filters were obtained that contained varying 

quantities of ambient particulate matter. No specific duty cycle information (time, mileage) was 

provided from NYCT.  
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Figure 2. Non-AQ Filter Types: Bus Filter (Top Left); Building HVAC Filter (Top Right); 
Subway Platform Filter (Bottom Left); and Subway Rolling Stock Filter (Bottom Right) 

2.2  Test Matrix 

Each of the filter samples described in Section 2.1 was spiked with B. a. Sterne spores, extracted, 

and the extract analyzed to quantify and identify recovered B. a. Sterne to assess the EPA-

provided methods using culture analysis and RV-PCR to determine the percent recovery for each 

of the three ambient particulate loading conditions.  

The completed test matrix for the AQ filters and non-AQ filters are provided in Table 1 and 

Table 2, respectively. In total, 377 filter samples were analyzed, comprising 108 PM2.5 filters, 

111 PM10 filters, and 158 non-AQ filters (approximately 40 for each of the four non-AQ filter 

types). The columns of Particle Loads in Table 1 and Duty Stage in Table 2 are as defined in 

Section 2.1 and represent new filters (New), average (Avg), or high (High) particle loading for 

AQ filters (Table 1) and new filters (New), middle-of-duty cycle (Mid), and end-of-duty cycle 

(End) for non-AQ filters (Table 2). The target spore load of 0, 30, 300, or 3,000 was the number 

of spores intended to be spiked onto the filters. Following physical extraction, the sample volume 

was split nominally in half to result in 0, 15, 150, 1,500 spore load challenges for each of two 

detection assays (culture and RV-PCR). These details are discussed further in Section 2.3.2. 

Generally, three replicates were completed for each target B. a. Sterne spore loading quantity, 
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but there were instances of higher number of replicates, especially early in the study as the 

analytical methods were being refined and implemented. The 0-spore load (no purposeful 

application of B. a. Sterne onto the test filter) served as a negative control. Use of New filter 

media served as a baseline to represent the expected best-case performance of the method 

because of the absence of potentially competing or interfering grime or flora.  

The analytical methods of culture and RV-PCR were used to quantify or identify recovered 

B. a. Sterne spores spiked and subsequently recovered in the sample extracts. Sheep Blood Agar 

(SBA) was the primary medium used for all culture analyses; Mannitol Egg Yolk Polymyxin 

(MYP) and/or Brilliance Bacillus cereus agar (BBCA) were used for a subset of samples. MYP 

and BBCA are both chromogenic media that have been developed to aid in differentiating target 

pathogen microbial growth from background flora. They were assessed early in the study 

analyses to determine whether there was a benefit to unambiguously quantifying B. a. Sterne. As 

will be discussed in Section 3.1.1, it was decided to discontinue the culture assays with the 

chromogenic agar and continue using only the SBA media because no benefit was gained using 

the chromogenic media (Calfee, 2017). Details regarding the analytical methods are discussed in 

Section 2.3.  
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Table 1. Test Matrix for AQ Filters 

Filter 
Type 

Geographic 
Region 

Particle 
Loads(a) 

(μg/cm2) 

Target Spore 
Loads onto 

Filter(b) 

Nominal 
Spores 

Available per 
Analytical 
Method(c) 

Replicates  

Analytical Method(d) 

Culture Molecular 

PM2.5 

N/A New (0) 0/30/300/3000 0/15/150/1500 3/3/3/3 SBA RV-PCR 

Wisconsin 
(WI) 

Avg (14) 0/30/300/3000 0/15/150/1500 3/3/3/3 SBA/BBCA RV-PCR 
High (47) 0/30/300/3000 0/15/150/1500 3/3/3/3 SBA/BBCA RV-PCR 

Florida  
(FL) 

Avg (13) 0/30/300/3000 0/15/150/1500 3/3/3/3 SBA RV-PCR 
High (39) 0/30/300/3000 0/15/150/1500 3/3/3/3 SBA RV-PCR 

Arizona  
(AZ) 

Avg (16) 0/30/300/3000 0/15/150/1500 3/3/3/3 SBA RV-PCR 
High (39) 0/30/300/3000 0/15/150/1500 3/3/3/3 SBA RV-PCR 

Massachusetts 
(MA) 

Avg (12) 0/30/300/3000 0/15/150/1500 3/3/3/3 SBA RV-PCR 
High (29) 0/30/300/3000 0/15/150/1500 3/3/3/3 SBA RV-PCR 

PM10 

N/A New (0) 0/30/300/3000 0/15/150/1500 3/3/3/3 SBA/MYP RV-PCR 

Wisconsin 
(WI) 

Avg (41) 0/30/300/3000 0/15/150/1500 3/3/3/3 SBA RV-PCR 
High (104) 0/30/300/3000 0/15/150/1500 5/4/3/3 SBA/MYP RV-PCR 

New 
Hampshire 

(NH) 

Avg (69) 0/30/300/3000 0/15/150/1500 3/3/3/3 SBA RV-PCR 

High (199) 0/30/300/3000 0/15/150/1500 3/3/3/3 SBA RV-PCR 

California 
(CA) 

Avg (118) 0/30/300/3000 0/15/150/1500 3/3/3/3 SBA/BBCA RV-PCR 
High (277) 0/30/300/3000 0/15/150/1500 3/3/3/3 SBA/BBCA RV-PCR 

South 
Carolina  

(SC) 

Avg (65) 0/30/300/3000 0/15/150/1500 3/3/3/3 SBA RV-PCR 

High (132) 0/30/300/3000 0/15/150/1500 3/3/3/3 SBA RV-PCR 
(a) Ambient particle load reported from the air quality station from which the filters were received. 
(b) Target number of spores spiked onto filter – See Section 2.3.2 for discussion. 
(c) Nominally half of the target quantity of spores spiked onto the filter were available for each of the two 

analytical filter – See Section 2.3.3 for discussion. 
(d) BBCA (selective); SBA; MYP agar (chromogenic); RV-PCR assay, chromosomal and pXO1 gene targets. 
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Table 2. Test Matrix for Non-AQ Filters 

Filter Type Duty 
Stages 

Target Spore 
Loads onto Filter(a) 

Nominal Spores 
Available per 

Analytical 
Method(b) 

Replicates 
Analytical Method(c) 

Culture Molecular 

Bus 
New 0/30/300/3000 0/15/150/1500 5/3/3/3 SBA/MYP RV-PCR 

Mid 0/30/300/3000 0/15/150/1500 3/3/3/3 SBA/MYP RV-PCR 
End 0/30/300/3000 0/15/150/1500 5/5/5/3 SBA/MYP RV-PCR 

Building 
HVAC 

New 0/30/300/3000 0/15/150/1500 4/4/3/3 SBA/MYP RV-PCR 
Mid 0/30/300/3000 0/15/150/1500 3/3/3/3 SBA/MYP RV-PCR 
End 0/30/300/3000 0/15/150/1500 4/4/4/4 SBA/MYP RV-PCR 

Subway 
Rolling 
Stock 

New 0/30/300/3000 0/15/150/1500 3/3/3/3 SBA/MYP RV-PCR 
Mid 0/30/300/3000 0/15/150/1500 3/3/3/3 SBA/MYP RV-PCR 
End 0/30/300/3000 0/15/150/1500 3/3/3/3 SBA/MYP RV-PCR 

Subway 
Platform 

New 0/30/300/3000 0/15/150/1500 3/3/3/3 SBA/MYP RV-PCR 
Mid 0/30/300/3000 0/15/150/1500 3/3/3/3 SBA/MYP RV-PCR 
End 0/30/300/3000 0/15/150/1500 3/3/3/3 SBA/MYP RV-PCR 

(a) Target number of spores spiked onto filter – See Section 2.3.2 for discussion. 
(b) Nominally half of the target spore loaded onto the filter were available for each of the two analytical methods – 

See Section 2.3.3 for discussion. 
(c) SBA; MYP agar (chromogenic); RV-PCR assay, chromosomal and pXO1 gene targets. 

2.3  Microbiological Methods 

All sample processing and analytical methods used were from those provided by the EPA 

Protocol for Detection of Bacillus anthracis in Environmental Samples During the Remediation 

Phase of an Anthrax Incident (EPA, 2012), with any differences or revisions noted. Both a 

culture and molecular analytical method were assessed as will be discussed in Sections 2.3.4 and 

2.3.5.  

Early application of the RV-PCR method to samples not purposely spiked with B. a. Sterne 

resulted in measurable levels of B. a. Sterne. There were instances of solution leakage of the 

capping tray and poor welds of the membrane in the filter vials that were potentially the source 

or contributor to the contamination. The capping tray was replaced with a new unit and filter vial 

leakage did not persist. Also, with subsequent refinement of glove change frequency and 

technique of equipment operation, cross-contamination was reduced and ultimately eliminated. 

Following are sections that summarize specific procedures and steps applied to conduct the 

study.  
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2.3.1  Spore Bank 
B. a. Sterne spores were used as the biological test agent for the entire study. This organism is a 

vaccine strain produced by Colorado Serum Company and is frequently used as surrogate to fully 

virulent B. anthracis strains such as Ames. The B. a. Sterne strain was handled as a Risk Group 

II agent following the Biosafety in Microbiological and Biomedical Laboratories and Battelle 

biosafety work practices for such agents. A spore bank was produced using sporulation broth as 

follows and used as needed for the duration of the study. 

A cell bank of B. a. Sterne 34F2 prepared previously at Battelle from BEI Resources (BEI NR-

1400) was used to grow an overnight culture on Tryptic Soy Agar. Isolated colonies were then 

used to inoculate 50 milliliter (mL) aliquots of nutrient broth and incubated overnight at 35 to 37 

degrees Celsius (°C) with shaking at 200 revolutions per minute (rpm). Modified G (ModG) 

(500 mL) sporulation broth (see Appendix A, Table 1 for formulation details) was inoculated 

with 50 mL of the overnight B. a. Sterne culture, and then incubated in a 3-liter (L) Fernbach 

flask at 35 to 37°C with shaking at 200 rpm. The culture was observed via wet mount 

microscopy every 1 to 3 days for sporulation. Following 5 days of incubation, the ModG culture 

reached > 99% sporulation. (Note, a spore bank was also prepared using Leighton-Doi medium 

[see Appendix A, Table 2 for formulation details], but spores from the ModG medium were used 

because > 99% sporulation was not achieved with Leighton-Doi, and there was more cellular 

debris compared to spores prepared in the ModG medium.) 

The sporulated culture was centrifuged at 10,000 relative centrifugal force (rcf) at 4°C for 

12 minutes in multiple 250-mL bottles. After removing and discarding the supernatant, the 

resulting pellets were resuspended to a total volume of approximately 100 mL with sterile 

distilled water (dH2O), transferred into a sterile glass vessel, and heat shocked at 60 to 65°C for 

1 hour in a water bath with gentle agitation. (Note: A control flask with a thermometer was used 

to ensure the desired temperature was achieved and maintained during the heat-shock step.) The 

spores were then washed twice by repeated centrifugations at 10,000 rcf at 4°C for 12 minutes 

using 100 mL dH2O per wash. After the final centrifugation, the spores were resuspended to a 

total volume of 100 mL in sterile dH2O. The spore bank was assigned a unique lot number and 

stored refrigerated at 2 to 8°C. 
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2.3.2  Spore Loading (Spiking) 
PM2.5 filters were received as circular 47-mm swatches and were quartered prior to spiking; 

PM10 and all non-AQ filter types were cut to 4-cm2 swatches. Note that the EPA protocol 

(EPA, 2012) was originally developed for processing of 37-mm vacuum filter cassette samples, 

thus the area of filter sample analyzing the AQ and non-AQ filters was about 2.5 times less than 

that of the 37-mm filters. All filter manipulations were performed within a surface-

decontaminated, certified biological safety cabinet (BSC) and handled using sterile forceps and 

scissors.  

B. a. Sterne spiking stocks were vortex-mixed and diluted using sterile dH2O to the three spiking 

stock target concentrations shown in Table 3. Each spiking stock was spread plated onto SBA on 

the day of testing to calculate the actual concentration of spores spiked in colony forming units 

(CFU)/mL. The loading levels in Table 3 represent loadings that yielded enough B. a. Sterne 

spores in the sample recovery extracts to make meaningful measurements with both the culture 

and RV-PCR methods and covered a range that was expected to span their lower limit of 

detection or quantification, which was an important consideration to assess whether grime or 

flora associated with the filter samples affected the sensitivity or lower limits of the analytical 

method. 

Table 3. Target B. a. Sterne Spore Loading Levels onto Each Filter Substrate 

Loading 
Level 

Stock Concentration 
(CFU/mL) 

Target Total 
CFU per 
Filter(a) 

Extract 
Volume (mL) 

Theoretical 
Concentration in 

Extract (CFU/mL) 
High 3.0 × 104 3,000 25 120 

Medium 3.0 × 103 300 25 12 
Low 3.0 × 102 30 25 1.2 

(a) 100 μL of stock suspension applied (20, 5-μL drops). 

Each swatch to be spiked with B. a. Sterne spores was transferred to a Petri dish and 20 5-µL 

droplets were pipetted onto the surface of each filter swatch (see Figure 3) for a total of 100 μL 

of stock suspension applied. Negative control swatches that were included in each batch were 

transferred directly into sealed 50-mL conical tubes prior to spiking swatches with B. a. Sterne. 

The spiked swatches then dried overnight inside of a BSC.  
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Figure 3. Photographs of Metro Bus Engine Filter (left) and PM10 Air Quality Filter 
(right) After Spiking with the B. a. Sterne Suspension 

2.3.3  Spore Recovery 
Throughout the recovery procedure, gloves were changed between handling samples to limit the 

likelihood of cross-contamination between samples.  

Following spiking and drying, the filter swatches were placed into a 50-mL tube and a mesh 

support was placed over the filter swatch. Fifteen (15) mL of cold (4°C) extraction buffer with 

Tween® 20 (0.22 µm polyethersulfone (PES) filter sterilized 700 mL 1X phosphate buffered 

saline (PBS), 0.05% Tween 20, pH 7.4, and 300 mL 200 proof ethanol) was added to each 

sample and the lids were sealed using Parafilm. Samples were vortexed for 20 minutes on a 

platform vortex set to speed 7 (VWR, Cat. 945057). After vortexing on a single-tube vortex for 3 

to 5 seconds each, the samples sat for 2 minutes to enable large particles to settle prior to 

transferring ~12.5 mL of the suspension into a corresponding labeled 50-ml conical collection 

tube. A second spore extraction was then completed by addition of 10 mL of cold (4°C) 

extraction buffer without Tween 20 (0.22 µm PES filter sterilized 700 mL 1X PBS, pH 7.4 and 

300 mL 200 proof ethanol) to each sample tube and the lids were sealed using Parafilm. Samples 

were vortexed for 10 minutes on a platform vortex set to speed 7. After vortexing on a single-

tube vortex for 3 to 5 seconds, the samples sat for 2 minutes to enable large particles to settle 

prior to transferring the remaining ~12.5 mL of the suspension into the corresponding labeled 

50-ml conical collection tube. After vortex mixing, 10.5 mL of the recovered suspension aliquot 

was transferred into a labeled 15-ml conical tube to be used for the culture-based microbial 

analysis described in Section 2.3.4, and the remaining volume (nominally ~12.5 ml) was 

transferred into a labeled filter vial for RV-PCR analysis as described in Section 2.3.5. 
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2.3.4  Culture Method 
Culture-based microbiological analysis was performed on each sample by filtering the recovered 

extract through filter funnels and filter media (Pall, Cat. 4804) then placing the filters onto solid 

bacterial growth media and incubating. Serial dilution and spread-plating procedures, as 

prescribed by the full EPA B. anthracis method (EPA, 2012), were not performed since the spike 

levels were at/near the detection limit for the assay (i.e., spread-plating 0.1 mL of the undiluted 

extract from a sample spiked with 3,000 spores would have resulted in 12 CFU if 100% 

efficient). Accordingly, milliliter volumes of the recovered extract were captured onto 

MicroFunnel™ filters in the current study.  

Initially, each MicroFunnel filter was pre-wetted with 5 mL of PBS with 0.05% Tween (PBST), 

then 10 mL of PBST was added to each MicroFunnel filter to suspend 1 mL or 4 mL of the 

sample extract followed by vacuum filtration. The walls of each filter funnel were rinsed with 

10 mL of PBST and filtered through the MicroFunnel, then the filter membrane was removed 

and placed onto MYP, BBCA, and/or SBA media. (As shown in Table 1 and Table 2, MYP and 

BBCA were used in a subset of the sample conditions in the test matrix and SBA was the only 

culture medium carried throughout all test conditions.) 

For the culture method, colonies with a typical B. a. Sterne morphology following overnight 

incubation at 35 to 37°C were counted to determine percent spore recovery. Typical B. a. Sterne 

morphology on SBA are 2 to 5 mm in diameter, flat or slightly convex with edges that are 

irregular, have a ground-glass appearance, and are not ß-hemolytic. When B. a. Sterne grows on 

MYP, the expected colony color is pink, and when grown on BBCA, the expected colony color 

is turquoise green. Figure 4 shows representative images of B. a. Sterne colonies on each culture 

medium used in this study. 

Two different microbiologists enumerated colonies over the course of the project, all of whom 

were trained by the lead microbiologist on the project to most consistently identify presumptive 

B. a. Sterne based on colony morphology. The lead microbiologist periodically reviewed the 

enumeration results to help ensure consistency and integrity, which is an important consideration 

and factor in the application of the method because the culture analysis was subjective to the 

assessment of colony morphology. The samples were not blinded for analysis. The 

microbiologists were aware of which samples should and should not contain B. a. Sterne. 
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Nonetheless, as the results demonstrated, there were instances of the presence of presumptive 

B. a. Sterne on samples that should not have any (false positive) and no colonies where there 

should have been (false negatives). 

 

Figure 4. From left to right: B. a. Sterne on SBA, MYP, and BBCA 

2.3.5  RV-PCR Method 
Positive Control Preparation 

Genomic deoxyribonucleic acid (DNA) of B. a. Sterne was extracted for use as a positive control 

for RV-PCR-based analysis. The B. a. Sterne vegetative cell culture that DNA was extracted 

from originated from the spore stock used for spike/recovery tests. The Wizard® Genomic DNA 

Kit (Promega, Madison, WI) was used following an internal Battelle method specific for 

extracting B. anthracis DNA. The resulting DNA was quantified by Quant-iT™ PicoGreen™ 

dsDNA Assay Kit (Invitrogen, Cat. P11496). The purified DNA was assigned a unique lot 

number, dispensed as multiple aliquots, stored frozen at ≤ -20°C, and used as needed as the 

positive control for PCR analysis. 

Sample Processing (per EPA Method 2017, Second Edition (Shah, 2017))  

Following filtration of ~12.5 mL of recovered extract through the Whatman™ Autovial™ filter 

vials (with polyvinyldiene difluoride [PVDF] membrane; Whatman Cat. AV125NPUAQU or 

Polyethersulfone [PES] membrane; Whatman Cat. AV125NPUPSU), two buffer washes were 

performed––the first wash was 12.5 mL of cold (4°C) high salt buffer (10X PBS) followed by 

12.5 mL of cold (4 °C) low salt wash buffer (1X PBS). The top portion of the manifold was then 

removed and placed into a capping tray with pre-filled luer lock caps to seal the filter vials. Cold 

(4°C) Brain Heart Infusion Broth (BHIB) (5 mL) was then added to each filter vial, the vials 
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were capped, and then vortex-mixed for 10 minutes on a setting of 7. Images of the manifold and 

capping tray are depicted in Figure 5. Following the vortex step, the broth was mixed by 

pipetting up and down ~10 times and a 1-mL aliquot was transferred to a screw cap tube and 

stored at -20°C as the time zero (T0) aliquot. The capped filter vials were then incubated 

overnight (~16 hours) in an incubator shaker set to 37 ± 1°C at 230 rpm.  

 

Figure 5. Top: Manifold Containing 16 Filter Vials; Middle: Capping Tray; 
Bottom: Capped Filter Vials Containing BHIB 

Following overnight incubation of the filter vials with BHIB, the vials were mixed on the 

platform vortex for 10 minutes with speed set to 7. (The 16-hour incubation allowed for a 

standard work schedule to be maintained rather than require an overnight shift that would have 

been required by a 9-hour incubation.) The culture suspension was mixed by pipetting up and 

down ~10 times, and a 1-mL aliquot was transferred to screw cap tubes and labeled as the final 

time (Tfinal) aliquot.  
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DNA Extraction and Purification 

Prior to extraction of DNA, the lysis buffer with anti-foam reagent, and the alcohol wash was 

added according to the manufacturer’s instructions in the Magnesil Blood Genomic, Max Yield 

System, Kit (Promega, Cat. MD1360) and a heat block was pre-heated to 80°C. All screw 

capped 1-mL aliquots were thawed and centrifuged at 14,000 rpm for 10 minutes (4°C), and 

800 µL of the supernatant from each tube was removed and discarded. To extract the DNA, 

800 µL of lysis buffer was added to each tube and the pellets in remaining 200 µL were mixed 

by vortexing on high (~1,800 rpm) in 10-second pulses for a total of 60 seconds. Each tube was 

then vortex-mixed for 10 seconds at low speed directly before the lysate was transferred to a 

2-mL labeled Eppendorf tube. The lysate tube was then incubated at room temperature for 

5 minutes. Uniformly resuspended paramagnetic particles (PMPs) (600 µL) were added to each 

lysate tube and the samples were mixed by vortexing. After vortexing each T0 and Tfinal tube for 

10 seconds (high, ~1,800 rpm), the samples were incubated at room temperature for 5 minutes.  

The samples were then placed on the magnetic stand with the hinged-side of the tube facing 

toward the magnet after briefly resuspending the particles by vortexing. The magnetic rack was 

then inverted to ensure all PMPs contacted the magnet. After 10 seconds, the tubes were opened, 

and the liquid removed without disturbing the PMPs. Lysis buffer (360 µL) was then added to 

each T0 and Tfinal tube, capped, and vortexed for 10 seconds. The tubes were then placed on the 

magnetic stand and inverted again. The supernatant was then removed and 360 µL of salt wash 

solution was added to each tube. The tubes were capped and vortexed for 10 seconds, placed on 

the magnetic stand, and inverted. The supernatant was removed without disturbing the PMP 

pellet. The pelleted PMPs were washed a second time with 360 µL of salt wash solution.  

After removal of the second salt wash supernatant, 500 µL of alcohol wash was added to each 

tube. The tubes were vortexed for 10 seconds, placed on the magnetic stand, and inverted. The 

supernatant was then removed, and two more alcohol washes were conducted for a total of three 

500-µL alcohol washes. A fourth alcohol wash was then conducted using 500 µL of 70% 

ethanol. After the supernatant from the 70% ethanol wash was removed, all tubes were opened 

and allowed to air dry for 2 minutes. The open tubes were then heated at 80°C in a heat block 

inside a BSC until the PMPs were dry (~20 minutes). DNA was then eluted from the PMPs by 

the addition of 200 µL of elution buffer to each T0 and Tfinal tube. The tubes were then closed, 

vortexed for 10 seconds, and incubated in the heat block for 80 seconds. The tubes were then 
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vortexed another 10 seconds and incubated in the heating block for 1 minute. The vortexing and 

heating for 1 minute was repeated four more times for a total of five times. The tubes were then 

removed from the heating block and incubated at room temperature for at least 5 minutes. Each 

tube was briefly vortexed and then centrifuged at 2,000 rpm at 4ºC for 1 minute. The tubes were 

then vortexed and placed on the magnetic stand for at least 30 seconds. The elute was collected 

(~80 to 90 µL) and transferred to clean, labeled, 1.5-mL tubes on a cold block. The tubes were 

centrifuged at 14,000 rpm at 4°C for 5 minutes to pellet any particles remaining with the eluted 

DNA. The supernatant was carefully removed and transferred to a new 1.5-mL tube using a new 

tip for each tube. The T0 and Tfinal DNA extracts were stored at 4ºC until RV-PCR analysis or at 

-20ºC if RV-PCR could not be performed within 24 hours. 

RV-PCR Assay 

The EPA protocol originally provided (EPA, 2012) uses singleplex, real-time PCR assays for 

B. anthracis detection and quantification. Battelle assessed the feasibility to combine two 

singleplex assays targeting the chromosome and pXO1 assays described in the EPA protocol into 

a duplex assay to reduce analysis time and cost associated with filter extract analysis. It was 

demonstrated that the RV-PCR performance was unchanged when conducted using the duplex 

assay in a single analysis or using the singleplex assays in two independent analyses. 

Consequently, it was agreed to use the duplex assay method for this study. A summary report of 

assessment with details of the approach and supporting results is provided in Appendix B. 

The duplex TaqMan® real-time PCR assay utilized FAM and VIC reporter dyes for detection of 

two B. a. Sterne DNA sequence targets simultaneously in a single reaction. (FAM and VIC are 

Applied Biosystems trademark fluorescent reporter dyes on 5’ end of PCR probe that emit at 

~517 nm and ~551 nm, respectively.) The two assays target sequences on the B. anthracis 

chromosome and pXO1 plasmid and were previously described as singleplex, real-time PCR 

assays (Letant et al., 2011). The duplex PCR assay Master Mix was prepared using the 

conditions provided in Appendix A. Each sample DNA extract was assayed in triplicate 

reactions. Controls consisted of four positive control wells containing 50 pg of DNA extracted 

from B. a. Sterne 34F2 (NR-1400, BEI Resources) and four no template controls were also 

included with each assay. Applied Biosystems 7500 Fast Real-Time PCR Instrument was used 

for PCR assay development and testing. Thermocycler conditions with a fast ramp rate were: 
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• Stage 1: 1 cycle at 95°C for 20 seconds  

• Stage 2: 45 cycles at 95°C for 3 seconds followed by 60°C for 30 seconds 

Note, the Stage 1 cycle conditions were slightly modified from the original EPA method, and 

concurrence to proceed with the revisions was provided by EPA (Shah, 2018). 

2.4  Method Implementation 

The primary microbial methods used to spike/recover/analyze the NAFs, shown as they occurred 

in chronological order, are depicted graphically in the process flow diagram of Figure 6.  

 

Figure 6. Process Flow Chart Depicting Key Method Process Steps in Chronological Order 

The methods implemented, in the form of work instructions followed by the analytical staff, are 

provided in Appendices C through H. These work instructions also complement those 

microbiological methods described in Section 2.3, and emphasize glove-changing schedules that 

were implemented to minimize cross-contamination. The work instructions were reviewed in 

detail to refine and ensure proper implementation of the methods (Calfee, 2017). 

The above method was used to analyze 16 filter samples per trial, with 1 trial conducted per 

week. For each weekly test, filters were cut into swatches and spiked using B. a. Sterne spores 

suspended in water. Each test consisted of swatches loaded with 0, 30, 300, or 3,000 spores per 

filter swatch per “Work Instruction for Dosing Filter Swatches with Bacillus anthracis Spores” 

in Appendix C. The spiked filters were dried overnight before spores being recovered following 

the “Work Instruction for Bacillus anthracis Spore Recovery,” as detailed in Appendix D. The 
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recovered suspension volume was then split between the traditional culture method (10.5 mL) 

and RV-PCR method (12.5 mL) analyses. The aliquot for culture was divided into 1-mL or 4-mL 

volumes and filter-plated onto media and incubated overnight as outlined in the “Work 

Instruction for Culture of Bacillus anthracis Spores Recovered from Air Filters” in Appendix E. 

The T0 RV-PCR aliquot was stored frozen while the recovered spores enriched overnight, then 

the Tfinal aliquot was removed and the DNA was extracted from both T0 and Tfinal aliquots per 

“Work Instruction for Manual DNA Extraction and Purification from Bacillus anthracis” in 

Appendix F. The extracted DNA was then analyzed using a duplex, real-time PCR assay 

targeting the chromosome and pXO1 of B. anthracis per “Work Instruction for RV-PCR for 

Bacillus anthracis Spores” in Appendix G. PCR was also used to confirm or refute presumptive 

B. a. Sterne colonies selected from the culture analysis per “Work Instruction for Selecting 

Presumptive B. a. Sterne Colonies for quantitative PCR (qPCR) Confirmation” in Appendix H. 

2.5  Data Reduction and Analysis 

2.5.1  Culture – Percent Recovery 
The percent recovery efficiency (Erecovery) of B. a. Sterne from each spiked filter sample was 

calculated by dividing the number of presumptive B. a. Sterne CFUs recovered (Nrecover) from the 

filter by the actual number of B. a. Sterne spores spiked (Nspike) onto the filter (determined from 

the stock suspension titer for each test) and multiplying by 100. Nrecover is a product of the 

presumptive B. a. Sterne spore concentration (Crecover) (CFU/mL) and the total volume of extract 

used to recover the spores (Vextract) (mL). Mathematically, the percent recovery is expressed as 

follows:  

𝐸𝐸𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣(%) =  
𝐶𝐶𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 ∗  𝑉𝑉𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒

𝑁𝑁𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
∗ 100% 

The number of presumptive B. a. Sterne spores present in the volume of extract collected onto 

the MicroFunnel filter membrane was divided by the extract volume analyzed (either 1 mL or 

4 mL) to yield a presumptive B. a. Sterne spore concentration (Crecover) (CFU/mL) that was then 

multiplied by the extract volume (Vextract) (25 mL) to determine the total presumptive B. a. Sterne 

CFUs recovered from the filter sample. The reported percent recovery was determined using the 

below rules: 
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1) Report the percent recovery from the aliquot (1-mL or 4-mL) that has between 20 to 
80 CFU.  
2) Report the 4-mL aliquot percent recovery if the CFU counted from both the 1-mL and 
4-mL aliquots is less than 20. 
3) Report the 4-mL aliquot percent recovery if the CFU counted from both the 1-mL and 
4-mL aliquots is between 20 and 80. 
4) Report the 1-mL aliquot percent recovery if the background flora on the 4-mL aliquot 
produces numerous colonies or a lawn of growth, thus complicating the identification of 
B. a. Sterne colonies. 

The number of CFUs are reported as presumptive B. a. Sterne colonies. PCR analysis of 

presumptive colonies was required to positively confirm the presence of B. a. Sterne. A portion 

of the presumptive colony was collected into 100 µL of PCR-grade water in microcentrifuge 

tubes. The colony suspension was then heated for 5 minutes on a heat block at 95°C. The lysate 

was cooled and then centrifuged at 14,000 rpm for 2 minutes and the supernatant was analyzed 

using the real-time PCR assays targeting the B. anthracis chromosome and pXO1 gene targets.  

2.5.2  RV-PCR 
The cycle threshold (Ct) values for the T0 and Tfinal timepoints as well as the delta Ct value (ΔCt) 

were reported. The ΔCt is generated by subtracting the average Ct (from triplicate reactions) 

generated by the Tfinal aliquot from the average Ct (from triplicate reactions) value generated by 

the T0 aliquot. A positive ΔCt (≥ 9) value indicates that viable B. a. Sterne spores were recovered 

from the filter. For a sample to be considered positive, the below acceptance criterion had to be 

met: 

• The ΔCt must be greater than or equal to 9 for both the chromosome and pXO1 targets 
(ΔCt = Ct (T0) – Ct (Tfinal) ≥ 9). 

Additional criteria exist for the positive confirmation of a sample if analyzing samples obtained 

from an actual incident, but for this study the above criterion was used. 

2.5.3  Presentation of Results 
The method employed to recover B. a. Sterne spores spiked onto the NAFs was consistent with 

current EPA methods, as described in Section 2.3.4. The entire extract would be analyzed either 

using a culture method or a RV-PCR method, solely, in actual practice and application by EPA if 

analyzing samples collected after a biological release incident (Calfee, 2018). In the study 
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performed and reported here, however, the sample extract was split as described in Sections 2.3.4 

and 2.3.5, so that approximately half of the extract sample was used for culture analysis and the 

other half for RV-PCR analysis. In this way, results from both methods could be compared in a 

pair-wise manner. Consequently, neither the culture nor the RV-PCR had the potential maximum 

quantity (assuming 100% recovery efficiency from the filter) of spores available in the extract 

for analysis. Rather, each split extract sample had a maximum of nominally half the actual 

spiked spore quantity available for their respective analyses. Therefore, in the presentation of 

results in tables and figures, unless explicitly noted otherwise, column headers or axes labels 

denote the nominal maximum number of spores available in the sample for its respective 

analysis, which was half of the target spore load.  

For example, results were presented in plots of both spore recovery efficiency for the culture 

analyses and of ΔCt for RV-PCR analyses with an x-axis title of “Nominal Spores Available for 

Analysis (CFU)” with an x-axis label of 0, 15, 150, and 1,500. This convention of presenting the 

results was considered the most accurate and consistent representation and allowed for the most 

unambiguous discussion and interpretation of results across all the filter types and analytical 

methods, recognizing that the filters were originally spiked with target quantities of 0, 30, 300, 

and 3,000 B. a. Sterne spores. 

As described in Section 2.3.2, the NAFs were spiked with a target quantity of spores by applying 

twenty (20) 5-μL drops of a B. a. Sterne spore stock suspension with a target titer of 30,000 

spores/mL, diluted in log increments. The reported spore load for each filter analyzed was based 

on the B. a. Sterne spore suspension titer measured for each test trial in CFU. As expected, there 

was variability in the measured spore titer for each trial. Consequently, the summary tables of 

results also contain the average (± one standard deviation) of the measured or “determined” 

quantity of spores spiked onto the filter, which provides the reader with information other than 

the nominal spore load as defined in the test matrices to aide with interpretation of the results. 
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3.0  RESULTS AND DISCUSSION 

A detailed discussion of the calculations and approach to presenting the results was provided in 

Section 2.5. In summary, all results presented in plots have an x-axis title and labels of 0, 15, 

150, and 1,500, representing the nominal spores available for analysis (CFU). Similarly, the 

summary results in the tables contain the same nominal quantity of spores available, and also the 

determined quantity of spores applied to the filter. This convention of presenting the results was 

considered the most accurate and consistent representation and allowed for the most 

unambiguous discussion and interpretation of results across all the filter types and analytical 

methods, recognizing that the filters were originally spiked with target quantities of B. a. Sterne 

spores of 0, 30, 300, and 3,000, but extract samples were split in approximately equal volume for 

analysis by culture and RV-PCR methods. 

Note that the spores available for analysis represent the maximum number of spores that could 

be available (assumes 100% recovery from the filter and no physical losses associated with 

processing of samples); it is not an absolute indication of the analytical method’s limit of 

identification. Rather, it is a measure of the method’s end-to-end performance to identify 

B. a. Sterne. 

3.1  AQ Filter Analyses Results 

3.1.1  Culture Method 
A summary of the average and standard deviation of the measured recovery efficiencies of 

presumptive B. a. Sterne spores recovered from the AQ filter substrates spiked with B. a. Sterne 

and using the SBA medium are presented in Table 4 (PM2.5 filters) and Table 5 (PM10 filters). 

The determined number of spores available and the number of presumptive B. a. Sterne spores 

recovered are tabulated along with the nominal quantity of spores available for analysis (15, 150, 

and 1,500 CFU/filter sample). The quantity of presumptive B. a. Sterne colonies reported in the 

tables is half of the actual total recovered because in the context of the tables, only half of the 

extract samples was made available for analysis. The quantity of presumptive B. a. Sterne 

colonies for each filter sample, used in the percent recovery calculations, are reported in 

Appendix I for the culture method using the SBA medium. When either the MYP chromogenic 

agar or the BBCA growth medium was also used in the culture method, the recovery efficiencies 

are reported in Appendices J and K, respectively.  
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Table 4. Recovery Efficiencies for Presumptive B. a. Sterne Spores from PM2.5 Air Quality 
Filters Cultured in the SBA Medium 

Location 

Ambient 
Particle 
Load(a) 

(μg/cm2) 

Sample 
Reps 

Spores Available for Analysis 
(CFU) 

Spores 
Recovered 

(CFU) 
 (X ± σ)(d) 

Spore 
Recovery 

Efficiency (%) 
 (X ± σ)(e)  Nominal(b)  Determined 

(X ± σ)(c) 

-- 
(New) (0) 

3 0 0 0 N/A 
3 15 18 ± 9 6.3 ± 0.0 46 ± 32 
3 150 180 ± 90  74 ± 46 44 ± 15 
3 1,500 1,800 ± 900  430 ± 40 33 ± 26 

AZ 

Avg 
(16) 

3 0 0 1.0 ± 1.8 N/A 
3 15 18 ± 9 17 ± 4.8 120 ± 80 
3 150 180 ± 90) 91 ± 44 52 ± 3.4 
3 1,500 1,800 ± 900 720 ± 230 46 ± 16 

High 
(39) 

3 0 0 2.1 ± 3.6 N/A 
3 15 7 ± 0 3.1 ± 3.1 42 ± 42 
3 150 70 ± 3 52 ± 15 72 ± 23 
3 1,500 700 ± 30 540 ± 150 74 ± 19 

FL 

Avg 
(13) 

3 0 0 0 N/A 
3 15 15 ± 9 12 ± 9.5 71 ± 34 
3 150 150 ± 90 77 ± 21 59 ± 26 
3 1,500 1,500 ± 900 980 ± 160 75 ± 25 

High 
(39) 

3 0 0 0 N/A 
3 15 15 ± 9 14 ± 7.9 110 ± 94 
3 150 150 ± 90 110 ± 24 81 ± 25 
3 1,500 1,500 ± 900 960 ± 82 75 ± 29 

MA 

Avg 
(12) 

3 0 0 0 N/A 
3 15 14 ± 4 6.3 ± 5.4 51 ± 47 
3 150 140 ± 40 51 ± 34 36 ± 19 
3 1,500 1,400 ± 400 790 ± 210 57 ± 6.8 

High 
(29) 

3 0 0 0 N/A 
3 15 14 ± 4 10 ± 1.8 76 ± 18 
3 150 140 ± 40 60 ± 40 39 ± 21 
3 1,500 1,400 ± 400 540 ± 400 34 ± 23 

WI 

Avg 
(14) 

3 0 0 0 N/A 
3 15 11 ± 1 7.3 ± 4.8 67 ± 42 
3 150 110 ± 6 56 ± 27 54 ± 28 
3 1,500 1,100 ± 60 560 ± 220 53 ± 23 

High 
(47) 

3 0 0 0 N/A 
3 15 11 ± 1 9.4 ± 0.0 88 ± 5 
3 150 110 ± 6 77 ± 10 73 ± 11 
3 1,500 1,100 ± 60 820 ± 36 77 ± 6.7 

(a) Relative ambient particle load on the filter (with measured mass loading per area). 
(b) Nominally one-half of the target spore load onto the filter and assuming 100% recovery of spores. 
(c) Based on the spiking suspension titer measured each test trial, 100% recovery efficiency, and one-half of extract 

used for culture analysis. 
(d) Presumptive B. a. Sterne colonies based on morphology, and one-half of extract used for culture analysis. 
(e) Calculated using the spore loading on each filter and presumptive B. a. Sterne spores recovered from each filter 

sample. 



EPA/600/R-19/082  
August 2019 

24 

Table 5. Recovery Efficiencies for Presumptive B. a. Sterne Spores from PM10 Air Quality 
Filters Cultured in the SBA Medium 

Location 

Ambient 
Particle 
Load(a) 

(μg/cm2) 

Sample 
Reps 

Spores Available for Analysis 
(CFU) Spores 

Recovered 
(CFU) 

(X ± σ)(d) 

Spore 
Recovery 
Efficiency 

(%) 
(X ± σ)(e)  

Nominal(b) Determined 
(X ± σ) (c) 

-- 
(New) (0) 

3 0 0 0 N/A 
3 15 6 ± 3 0.0 ± 0.0 0.0 ± 0.0 
3 150 60 ± 30 7.3 ± 4.8 15 ± 12 
3 1,500 700 ± 0 57 ± 15 8.8 ± 2.4 

CA 

Avg 
(118) 

3 0 0 21 ± 3.6 N/A 
3 15 13 ± 5 18 ± 4.8 150 ± 29 
3 150 130 ± 50 14 ± 9.5 13 ± 10.2 
3 1,500 1,300 ± 500 68 ± 13 6.2 ± 3.6 

High 
(277) 

3 0 0 9.4 ± 9.4 N/A 
3 15 13 ± 5 7.3 ± 4.8 55 ± 22 
3 150 130 ± 50 23 ± 6.5 22 ± 16 
3 1,500 1,300 ± 500 59 ± 8.3 5.1 ± 1.7 

NH 

Avg 
(69)  

3 0 0 0 N/A 
3 15 14 ± 10 4.2 ± 7.2 17 ± 29 
3 150 140 ± 100 6.3 ± 6.3 6.0 ± 8.4 
3 1,500 1,400 ± 1000 83 ± 15 8.2 ± 4.8 

High 
(199) 

3 0 0 0 N/A 
3 15 14 ± 10 0.0 ± 0.0 0.0 ± 0.0 
3 150 140 ± 100 7.3 ± 4.8 5.6 ± 2.0 
3 1,500 1,400 ± 1000 210 ± 130 24 ± 20 

SC 

Avg 
(65) 

3 0 0 1.0 ± 1.8 N/A 
3 15 14 ± 1 4.2 ± 4.8 29 ± 33 
3 150 140 ± 6 14 ± 7.2 9.9 ± 5.5 
3 1,500 1,400 ± 60 84 ± 24 6.2 ± 2.0 

High 
(132) 

3 0 0 3.1 ± 3.1 N/A 
3 15 14 ± 1 13 ± 3.1 91 ± 26 
3 150 140 ± 6 18 ± 7.2 13 ± 5.1 
3 1,500 1,400 ± 60 79 ± 49 5.8 ± 3.7 

WI 

Avg 
(41) 

3 0 0 0 N/A 
3 15 9 ± 0 0.0 ± 0.0 0.0 ± 0.0 
3 150 90 ± 0 12 ± 6.5 13 ± 7.2 
3 1,500 900 ± 0 90 ± 71 10 ± 7.9 

High 
(104) 

5 0 0 0 N/A 
4 15 6 ± 1 0.8 ± 1.6 12 ± 24 
3 150 60 ± 30 4.2 ± 7.2 9.3 ± 16 
3 1,500 900 ± 500 40 ± 9.5 5.2 ± 2.8 

(a) Relative ambient particle load on the filter (with measured mass loading per area). 
(b) Nominally one-half of the target spore load onto the filter and assuming 100% recovery of spores. 
(c) Based on the spiking suspension titer measured each test trial, 100% recovery efficiency, and one-half of 

extract used for culture analysis. 
(d) Presumptive B. a. Sterne colonies based on morphology and one-half of extract used for culture analysis 
(e) Calculated using the spore loading on each filter and presumptive B. a. Sterne spores recovered from each 

filter sample. 
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The presumptive B. a. Sterne recovery efficiencies on the SBA plates are plotted in Figures 7 

through 14, one plot for each filter type. Note, a percent recovery is not tabulated or plotted for 

the 0-spore spike condition since, by definition, a meaningful recovery efficiency cannot be 

calculated, even though there could have been a finite number of presumptive B. a. Sterne 

colonies counted based on colony morphology. Nonetheless, there are instances when one or 

more colonies were counted as B. a. Sterne for the 0-spike condition, and the presumptive values 

are reported in Table 4 and Table 5. 

Review of the percent B. a. Sterne spore recovery plots in Figures 7 through 10 for PM2.5 filters 

obtained from Arizona, Florida, Massachusetts, and Wisconsin, respectively, indicate that the 

percent recovery was lowest for the New filter material and generally higher for the Avg and 

High ambient particulate load filter load condition, which may be due to the applied spores 

adhering more strongly to the clean filter substrate than to the particulate matter present on the 

Avg or High ambient load filters and/or are physically removed with the particulate matter 

during recovery. The average percent recovery efficiencies were 35 to 45% for New media and 

the nominal B. a. Sterne spores available condition of 150 to 1,500; recovery efficiencies were 

typically 40 to 80% for the Avg and High ambient particles loads with the 150 and 1,500 

available B. a. Sterne spores condition. The filters with a target of 15 B. a. Sterne spores 

generally had a higher standard deviation than the 150 and 1,500 nominal spores available 

condition, which was attributed to the relatively few (< 15) recovered presumptive B. a. Sterne 

colonies. In most filters analyzed (at least 90% of the filter samples spiked), colonies with a 

B. a. Sterne morphology were recovered from all samples.  
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Figure 7. Percent Recovery Efficiencies (Average ± One Standard Deviation of N ≥ 3 

Replicates) of Presumptive B. a. Sterne Spores from PM2.5 Filters from Arizona Using the 
SBA Medium (New, Avg, and High refer to relative ambient particulate loads) 

 

Figure 8. Percent Recovery Efficiencies (Average ± One Standard Deviation of N ≥ 3 
Replicates) of Presumptive B. a. Sterne Spores from PM2.5 Filters from Florida Using the 

SBA Medium (New, Avg, and High refer to relative ambient particulate load) 
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Figure 9. Percent Recovery Efficiencies (Average ± One Standard Deviation of N ≥ 3 
Replicates) of Presumptive B. a. Sterne Spores from PM2.5 Filters from Massachusetts 

Using the SBA Medium (New, Avg, and High refer to relative ambient particulate loads) 

 

Figure 10. Percent Recovery Efficiencies (Average ± One Standard Deviation of N ≥ 3 
Replicates) of Presumptive B. a. Sterne Spores from PM2.5 Filters from Wisconsin Using 

the SBA Medium (New, Avg, and High refer to relative ambient particulate loads) 
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 include B. a. Sterne spore recovery efficiency plots for PM10 filters 

obtained from California, New Hampshire, South Carolina, and Wisconsin. They indicate 

generally low (5 to 20%) recovery efficiencies associated with the nominal 150 and 1,500 

B. a. Sterne spores available. There were no presumptive B. a. Sterne spores recovered from the 

New PM10 filter substrate with a nominal 15 spores available for analysis. Additionally, the 

nominal 15-spores available condition for the Wisconsin, Avg filter and New Hampshire, High 

filter also yielded no quantifiable presumptive B. a. Sterne colonies. In those instances, the 

culture plates had other organism growth that was likely masking colonies of a B. a. Sterne 

morphology. Like the PM2.5 filters, the nominal 15 B. a. Sterne spore available filters had the 

greatest variability of measured percent recovery, attributed to so few (typically < 10 

presumptive B. a. Sterne colonies) recovered from the spiked filter. When no presumptive 

B. a. Sterne colonies were recovered from spiked filters, it was noted as a false negative.  

Figures 11 through 14

Filters obtained from California and South Carolina had instances of presumptive B. a. Sterne 

colonies counted for the 0-spores available condition, resulting in an overestimate of the number 

of true B. a. Sterne spores recovered. Figures 11 and 13 demonstrate that an over-estimation of 

recovered spores is most likely with the nominal 15-spore available condition. Specifically, the 

percent recovery of presumptive B. a. Sterne colonies from PM10 filters from California for Avg 

and High particle loads spiked with 30 spores (Figure 11) was 150 and 55%, respectively. The 

infeasibly high spore recovery efficiencies (> 100%) were attributed to presence of background 

flora on those filters with a colony morphology that was indistinguishable from B. a. Sterne, and 

thus counted as a presumptive B. a. Sterne colony.  

Subsequent colony screening of presumptive B. a. Sterne colonies using real-time PCR assays 

targeting the chromosomal and pXO1 gene targets confirmed that there were instances where the 

presumed B. a. Sterne colony was shown not to be B. a. Sterne. Likewise, the South Carolina 

filters had background flora collected on the filters that had a colony morphology 

indistinguishable from B. a. Sterne but shown to not be B. a. Sterne by PCR analysis screening, 

and thus, artificially inflated the percent recovery values. These results demonstrate the 

importance of selected confirmation screening of presumptive B. a. Sterne when analyzing 

unknown samples from an actual incident. The impact of this background organisms/bacteria on 

percent recoveries is more apparent for the nominal 15-spore available condition because a few 

additional presumptive B. a. Sterne colonies greatly increases the calculated percent recovery. 
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For the 150 and 1,500 nominal spore level test conditions, the adverse impact of the background 

flora was diluted or suppressed because of greater competition from the B. a. Sterne spores. 

 

Figure 11. Percent Recovery Efficiencies (Average ± One Standard Deviation of N ≥ 3 
Replicates) of Presumptive B. a. Sterne Spores from PM10 Filters from California Using 

the SBA Medium (New, Avg, and High refer to relative ambient particulate loads) 
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Figure 12. Percent Recovery Efficiencies (Average ± One Standard Deviation of N ≥ 3 
Replicates) of Presumptive B. a. Sterne Spores from PM10 Filters from New Hampshire 
Using the SBA Medium (New, Avg, and High refer to relative ambient particulate loads) 

 

Figure 13 Percent Recovery Efficiencies (Average ± One Standard Deviation of N ≥ 3 Three 
Replicates) of Presumptive B. a. Sterne Spores from PM10 Filters from South Carolina 

Using the SBA Medium (New, Avg, and High refer to relative ambient particulate loads) 
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Figure 14 Percent Recovery Efficiencies (Average ± One Standard Deviation of N ≥ 3 
Replicates) of Presumptive B. a. Sterne Spores from PM10 Filters from Wisconsin Using 

the SBA Medium (New, Avg, and High refer to relative ambient particulate loads) 

Average spore recovery efficiencies, for both PM2.5 and PM10 filter types, have the largest 

standard deviations associated with the spike condition resulting in nominally 15 spores available 

for analysis. This result is, in part, attributed to relatively few (< 10 colonies counted per plate) 

and/or the confounding effect of the presence of other colonies that have similar morphology that 

affect the estimated (presumptive) B. a. Sterne colonies. On average, with 100% recovery, the 

4-mL aliquot plated would have five colonies to enumerate. Filters with the 150 and 1,500 

nominal spore condition generally have a lower standard deviation as compared to the 15 

nominal spore condition because more actual B. a. Sterne spores were recovered. As discussed in 

Section 2.3.4, the method for determining the number of B. a. Sterne spores recovered was 

determined based on colony morphology, and thus susceptible to biasing high due to non-

B. a. Sterne organisms exhibiting an indistinguishable morphology to the microbiologist 

counting the colonies. 

The fact that the recovery efficiency of the 15-spore available condition for the New media was 

the lowest compared to the filters with an ambient particulate load could also indicate that the 

applied B. a. Sterne spores were not as efficiently physically recovered from the filter substrate. 
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The existence of the ambient particulate matter of grime or flora on the filter substrate may 

reduce the adherence of spiked B. a. Sterne spores to the filter substrate. 

The higher recovery efficiency of B. a. Sterne from PM2.5 filters compared to the PM10 filters is 

likely attributed to the spiked B. a. Sterne spores being adhered less strongly to the PM2.5 filter 

substrate than to that of the PM10 filter substrate. The PM2.5 filters were Teflon (MTL Corp Cat 

No. PT47-EP) and PM10 filters quartz fiber (Whatman Cat No. 1851-8531). One possible 

explanation is that the applied spores could distribute into the fiber matrix of the PM10 filter 

fibers and thus have an opportunity to contact individual fibers as a spore, whereas in the Teflon 

filter substrate, such distribution may not occur. The applied spores may remain present as 

agglomerates on the surface of the Teflon substrate and more readily removed. Assessing 

recovery mechanisms were beyond the scope of this study. 

The lower recovery efficiencies of B. a. Sterne from PM10 filters with collected particulate 

matter may be attributed to more flora/grime compared to the PM2.5 filters, which may interfere 

with accurate quantification of B. a. Sterne. The ambient particulate loading on the Avg PM2.5 

filter ranged from 12 to 16 µg/cm2 compared to 41 to 118 µg/cm2 for the PM10. Similarly, the 

High PM10 filters had an ambient particulate load 3 to 6 times that of the High PM2.5 filters, 

with PM2.5 ranging from 29 to 47 µg/cm2 and PM10 ranging from 104 to 277 µg/cm2. 

The issue of whether the instances of recovery efficiency being less than 100% were due to less 

than complete physical recovery of the spores, other physical loss mechanisms such as retention 

on processing containers, or interference of growth due to the presence of grime or competing 

flora was beyond the scope of the study. It is also noted that spore/filter surface interactions may 

influence the percent recovery measured, which could be affected by the spore spiking method. 

The application of spores by pipetting droplets of a stock suspension may assist or hinder the 

ability to physically recover the spores. Spores collected as an aerosol, as would be expected 

during normal field operation, may adhere to the filter fiber or collection surface more strongly 

than when applied as a droplet of suspension. Conversely, they may be adhered less strongly 

because the spores are present with other inert particles that may benefit physical recovery. 

When spores are applied as a droplet spike as done in this study, they may more readily disperse 

into the extract solution either due to being a large agglomerate or weakly adhered to a surface. 

Conversely, the spores applied as a droplet may penetrate the filter substrate by capillary action 
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and be more difficult to physically recover. For those reasons and uncertainty, it is recommended 

to consider future research to assess whether the application method matters – whether “spiking” 

the filters with B. a. Sterne by aerosolizing and collecting onto the filter via air sampling yields 

different results than those obtained in this study. 

The presence of other flora collected on the filters during their intended use can bias the average 

efficiency high due to counting actual non-B. a. Sterne colonies as B. a. Sterne or bias low 

because the background flora competed with the growth of B. a. Sterne and suppressed or 

masked B. a. Sterne growth. There were instances when no distinct B. a. Sterne colony 

morphology could be discerned, and in those occurrences, the recovery efficiency was reported 

as zero. 

The uncertainty associated with or introduced by quantifying B. a. Sterne spore recovery 

efficiency based solely on colony morphology was revealed by PCR analysis of few 

representative colonies in each trial. A total of 76 colonies were screened using colony PCR. 

Fifteen (15) of these presumptive B. a. Sterne colonies were confirmed negative for the 

B. anthracis chromosome and pXO1 targets even though by morphology, these colonies were 

indistinguishable from B. a. Sterne, which highlights the importance for genetic confirmation of 

culture results. All 15 colonies that were identified incorrectly by morphology came from PM10 

filters from two regions, California and South Carolina. Of the 29 colonies that were screened 

using colony PCR from these two regions, 52% were negative by real-time PCR analysis. The 

presence of a background flora with a morphology that is indistinguishable from B. a. Sterne 

artificially increased the percent spore recoveries for PM10 filters from these two regions. Eight 

(8) of these colonies were selected from zero spike samples, and by subtracting the number of 

colonies that appeared to have a B. a. Sterne morphology from zero spike samples, we could 

account for the number of colonies that contributed to the recovery values on spiked samples. 

Figure 15 depicts colonies and their morphology used to determine whether the colony was 

B. a. Sterne that was representative throughout the analysis of culture plates. 
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Figure 15. Colonies Recovered from PM10 California Filters Contained Background with 
B. a. Sterne Morphology (the colony on the left was confirmed negative and the colony on 

the right was confirmed positive for B. a. Sterne) 

Chromogenic growth media (MYP and BBCA) were used to culture sample extracts from a 

subset of trials to assess whether it benefited differentiating B. a. Sterne morphology from 

background and to reduce the presence of background with the addition of antibiotics 

(Polymyxin B and Trimethoprim). The percent spore recoveries on the SBA and MYP growth 

media were equivalent when colonies were isolated on both media types. However, the growth of 

B. a. Sterne on MYP commonly spread into a lawn, interfering with the ability to accurately 

quantify and identify B. a. Sterne in many instances. Consequently, the MYP medium was no 

longer used. The BBCA percent recoveries were 5 to 7 times less than SBA, so use of the BBCA 

medium was also discontinued from the analytical methods at the direction of the EPA TOCOR 

(Calfee, 2017). A summary of those results and associated discussion are provided in 

Appendices J and K. 

3.1.2  RV-PCR Method 
A summary of the average and standard deviation of the RV-PCR ΔCt values for the detection of 

B. a. Sterne spores recovered from the AQ filter substrate are presented in Table 6 (PM2.5) and 

Table 7 (PM10). The ΔCt results are plotted in Figures 16 through 23 with each plot associated 

with one of the eight specific filter types. The summary tables and associated plots follow the 

same column header and x-axis labeling convention as used for the presentation of culture 

results. Most notably, the nominal number of spores available for analysis of 15, 150, and 1,500 

CFU are used; it represents the maximum number of spores available assuming a 100% recovery 
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efficiency and half the sample extract is available for RV-PCR analysis. The average quantity of 

spores determined available are presented in the summary tables. The 0-spore available condition 

is included in the plots because meaningful RV-PCR results can be obtained, unlike that for a 

recovery efficiency. The plots all depict an area shaded in red that is the region of a negative 

confirmation result and an area of green that is a positive confirmation result, delineated by both 

the chromosomal and pXO1 gene target PCR ΔCt values having to be ≥ 9 to be a positive result. 

The RV-PCR results for each air quality filter sample analyzed are presented in Appendix L. 

RV-PCR analyses of the PM2.5 filters generated average ΔCt values between 26.5 and 28.7 

(chromosomal and pXO1 gene targets) and sample standard deviations typically < 5 for all 

locations and particle loads. Figures 16 through 19 indicate there is little difference in the ΔCt as 

a function of ambient particle loading for the filter and spike conditions assessed. (In 

Section 3.1.1, the culture results supported the recovery of B. a. Sterne spores from all the PM2.5 

filters.) There were instances for the filters obtained from Florida that had a measurable ΔCt 

associated with the 0-spike condition. It is believed that the generated ΔCt may have been 

associated with low-level cross-contamination as those results were obtained early, within the 

first 10% of the matrix being completed and resolved within the first 25% of the matrix being 

completed, as the method was being implemented. The main issues were associated with leaking 

filter vials on the manifold and a warped manifold that were resolved with equipment change 

(new manifold implemented), refinement of technique, and rigorous care in method execution. 

The originally purchased filter manifold did not consistently seal well. Lawrence Livermore 

National Laboratory provided a filter manifold that was more effective at sealing and helped 

reduce occurrences of likely cross-contamination (non-zero ΔCt values for the 0-spike 

condition.) Also, there were instances where the PES filter vials exhibited leakage or by-pass 

flow that could have led to sample contamination. The impact was only apparent in the 0-spike 

condition of the filters analyzed because all other samples purposely (via spiking) contained the 

B. a. Sterne target organism.  

As shown in Figures 20 through 23, RV-PCR analyses of the PM10 filters typically resulted in 

an average ΔCt > 20 at nominal spores available conditions of 150 or 1,500 and sample standard 

deviations < 5. Filters from three of the four geographic regions (South Carolina, California, and 

Wisconsin) all exhibited some suppression of ΔCt magnitude associated with a higher relative 

ambient particulate load. Attenuation of the ΔCt magnitude was more pronounced for the 
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nominal 15 B. a. Sterne spores available condition relative to that of the 150 or 1,500 nominal 

spores available, which suggests that the lower limit of detection of the RV-PCR method is near 

the nominal 15-spores available condition. Once the nominal B. a. Sterne spore load is at or 

above 150, there was little difference in measured ΔCt for the PM10 filters assessed. Results 

showing that sample ΔCt standard deviations are relatively large and the greatest with the 

nominal 15-spores-available condition relative to those measured at the 150 and 1,500 spores 

available condition also suggests that the method detection limit is being approached at the 

15-spore load. Lastly, there were cases with the 15-spore load condition where one or two of the 

three replicates had a ΔCt ≥ 9 and the remainder < 9, further indicating the limit of detection of 

the method is being approached.  

Nearly half of the 0-spike conditions for all four regions of PM10 filters had at least one sample 

with a non-zero ΔCt. There were instances where T0 was a value other than 45, indicating 

potential initial contamination, which occurred early in the application of the method. Most all of 

these non-zero results were associated with analyses performed early in the study before some 

low-level cross-contamination had been minimized (e.g., sample handling technique and 

increased glove changes) as the method implementation progressed.  

Comparing the ΔCt values of the PM2.5 filters versus the PM10 shows that the RV-PCR method 

was less adversely affected when applied to the PM2.5 filters to that of the PM10 filters. There 

was little difference between ΔCt values measured with the Avg or High ambient particulate 

loading condition compared to the New filter for PM2.5 filters, whereas a noticeable attenuation 

in ΔCt was observed for selected PM10 filters, which would suggest that the higher ambient 

particulate load on the PM10 filters compared to the PM2.5 filters was interfering with the 

method detection limit. Also, there appears to be some consistency in the culture results with that 

of the RV-PCR in that the recovery efficiencies for the PM10 were generally lower than that of 

the PM2.5. That low recovery efficiency could also partly explain why the RV-PCR detection 

limit appears to be approached around the nominal 15 spores available for the PM10 filters but 

lower with the PM2.5 filters. 

Consistently, throughout all analyses, very good agreement (ΔCt differed by < 3 between the two 

gene targets) was obtained for the chromosomal and pXO1 gene targets for both the PM2.5 and 

PM10 filters and for all of the nominal spore loads.  
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Table 6. RV-PCR Analyses of PM2.5 Air Quality Filters for Detection of B. a. Sterne 
Spores Using Chromosomal and pXO1 Gene Targets (N ≥ 3 Replicates) 

Location 

Ambient 
Particle 
Load(a) 

(μg/cm2) 

Spores Available for Analysis  
(CFU) ΔCt (X ± σ) 

Nominal(b) Determined(c) 

(X ± σ) 
Chromosomal 
Gene Target 

pXO1  
Gene Target 

-- 
(New) (0) 

0 N/A 0.0 ± 0.0 -0.8 ± 1.3 
15 18 ± 9 27.9 ± 0.4 27.1 ± 1.6 

150 180 ± 90 27.5 ± 0.8 27.5 ± 0.6 
1,500 1,800 ± 900 27.1 ± 0.2 27.4 ± 0.2 

AZ 

Avg 
(16) 

0 N/A -0.1 ± 0.2 -0.4 ± 0.7 
15 18 ± 9 26.5 ± 1.0 25.3 ± 3.5 

150 180 ± 90 27.2 ± 1.1 24.8 ± 2.4 
1,500 1,800 ± 900 27.0 ± 1.3 26.1 ± 2.6 

High 
(39) 

0 N/A 0.0 ± 0.0 0.0 ± 0.0 
15 7 ± 0 26.5 ± 3.0 26.5 ± 2.9 

150 70 ± 3  27.7 ± 0.9 27.8 ± 1.0 
1,500 700 ± 30 27.5 ± 0.7 27.9 ± 0.8 

FL 

Avg 
(13) 

 

0 N/A 4.8 ± 6.5 4.3 ± 7.4 
15 15 ± 9 27.6 ± 1.0 27.9 ± 1.0 

150 150 ± 90 27.7 ± 0.9 27.9 ± 0.9 
1,500 1,500 ± 900 26.9 ± 1.4 27.8 ± 0.7 

High 
(39) 

0 N/A 3.9 ± 6.7 4.1 ± 7.1 
15 15 ± 9 27.8 ± 1.4 28.0 ± 1.4 

150 150 ± 90 28.7 ± 0.6 29.0 ± 0.6 
1,500 1,500 ± 900 27.4 ± 0.7 27.8 ± 0.7 

MA 

Avg 
(12) 

0 N/A 0.0 ± 0.0 0.0 ± 0.0 
15 14 ± 4 27.2 ± 0.3 27.4 ± 0.4 

150 140 ± 40 27.4 ± 0.5 27.5 ± 0.5 
1,500 1,400 ± 400 27.5 ± 1.0 27.7 ± 0.9 

High 
(29) 

0 N/A 0.0 ± 0.0 0.0 ± 0.0 
15 14 ± 4 27.9 ± 0.7 28.0 ± 0.7 

150 140 ± 40 27.7 ± 0.6 27.9 ± 0.4 
1,500 1,400 ± 400 27.4 ± 0.6 27.7 ± 0.4 

WI 

Avg 
(14) 

0 N/A 0.0 ± 0.0 0.0 ± 0.0 
15 11 ± 1 26.7 ± 3.1 26.8 ± 3.2 

150 110 ± 6 28.2 ± 0.8 28.4 ± 0.7 
1,500 1,100 ± 60 27.7 ± 0.2 28.0 ± 0.2 

High 
(47) 

0 N/A 0.0 ± 0.0 0.0 ± 0.0 
15 11 ± 1 27.8 ± 0.9 27.9 ± 1.1 

150 110 ± 6 28.2 ± 0.4 28.4 ± 0.4 
1,500 1,100 ± 60 27.9± 0.5 28.2 ± 0.5 

(a) Relative ambient particle load (with measured mass loading per area). 
(b) Nominally one-half of the target spore load onto the filter and assuming 100% recovery of spores. 
(c) Based on the spiking suspension titer measured each test trial, 100% recovery efficiency, and one-half of 

extract used for RV-PCR analysis. 
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Table 7. RV-PCR Analyses of PM10 Air Quality Filters for Detection of B. a. Sterne Spores 
Using Chromosomal and pXO1 Gene Targets (N ≥ 3 Replicates) 

Location 

Ambient 
Particle 
Load(a) 

(μg/cm2) 

Spores Available for Analysis  
 (CFU) ΔCt (X ± σ) 

Target(a) Determined(c)  
(X ± σ) 

Chromosomal 
Gene Target 

pXO1 
Gene Target 

-- 
(New) (0) 

0 N/A 2.7 ± 4.7 3.0 ± 5.3 
15 6 ± 3 14.3 ± 11.7 15.5 ± 10.7 

150 60 ± 30 26.8 ± 1.1 26.1 ± 2.8 
1,500 700 ± 0 26.6 ± 0.5 26.8 ± 0.2 

CA 

Avg 
(118) 

0 N/A 0.0 ± 0.0 0.0 ± 0.0 
15 13 ± 5 9.8 ± 17.0 10.0 ± 17.4 

150 130 ± 50 23.1 ± 1.8 23.5 ± 1.9 
1,500 1,300 ± 500 26.3 ± 3.9 26.7 ± 4.1 

High 
(277) 

0 N/A 0.0 ± 0.0 0.6 ± 1.0 
15 13 ± 5 11.5 ± 15.8 12.4 ± 15.6 

150 130 ± 50 26.5 ± 3.5 26.8 ± 3.2 
1,500 1,300 ± 500 28.0 ± 1.2 28.4 ± 0.9 

NH 

Avg 
(69) 

0 N/A 1.7 ± 2.9 5.4 ± 4.2 
15 14 ± 10 21.8 ± 11.3 22.1 ± 10.7 

150 140 ± 100 26.7 ± 1.3 26.9 ± 1.3 
1,500 1,400 ± 1000 27.5 ± 0.2 27.8 ± 0.4 

High 
(199) 

0 N/A 0.0 ± 0.0 3.3 ± 5.7 
15 14 ± 10 14.1 ± 11.7 15.7 ± 10.1 

150 140 ± 100 25.5 ± 3.0 25.6 ± 3.0 
1,500 1,400 ± 1000 25.8 ± 0.9 26.1 ± 0.8 

SC 

Avg 
(65) 

0 N/A 0.0 ± 0.0 0.0 ± 0.0 
15 14 ± 1 13.8 ± 12.2 14.0 ± 12.4 

150 140 ± 6 28.1 ± 0.5 28.2 ± 0.4 
1,500 1,400 ± 60 25.0 ± 3.4 25.2 ± 3.3 

High 
(132) 

0 N/A 0.0 ± 0.0 0.0 ± 0.0 
15 14 ± 1 10.8 ± 9.4 10.9 ± 9.5 

150 140 ± 6 22.5 ± 6.0 22.8 ± 6.0 
1,500 1,400 ± 60 23.8 ± 1.5 24.2 ± 1.4 

WI 

Avg 
(41) 

0 N/A 0.0 ± 0.0 0.0 ± 0.1 
15 9 ± 0 14.5 ± 10.9 17.0 ± 7.5 

150 90 ± 0 24.0 ± 1.2 24.6 ± 1.4 
1,500 900 ± 0 27.5 ± 1.4 28.1 ± 1.5 

High 
(104) 

0 N/A 12.1 ± 1.6 10.2 ± 2.9 
15 6 ± 1 16.5 ± 9.2 14.1 ± 9.1 

150 60 ± 30  23.3 ± 4.2 23.6 ± 3.9 
1,500 900 ± 500 26.3 ± 1.2 26.3 ± 0.8 

(a) Relative ambient particle load (with measured mass loading per area). 
(b) Nominally one-half of the target spore load onto the filter and assuming 100% recovery of spores. 
(c) Based on the spiking suspension titer measured each test trial, 100% recovery efficiency, and one-half of 

extract used for RV-PCR analysis. 
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Figure 16. RV-PCR Analysis of B. a. Sterne Spores Recovered from PM2.5 Filters from 

Arizona Using Chromosomal and pXO1 Gene Targets (Average ± One Standard Deviation 
for N ≥ 3 Replicates); Positive Response Equals ΔCt ≥ 9 (New, Avg, and High refer to 

relative ambient particulate loads) 

 
Figure 17. RV-PCR Analysis of B. a. Sterne Spores Recovered from PM2.5 Filters from 

Florida Using Chromosomal and pXO1 Gene Targets (Average ± One Standard Deviation 
for N ≥ 3 Replicates); Positive Response Equals ΔCt ≥ 9 (New, Avg, and High refer to 

relative ambient particulate loads)  
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Figure 18. RV-PCR Analysis of B. a. Sterne Spores Recovered from PM2.5 Filters from 
Massachusetts Using Chromosomal and pXO1 Gene Targets (Average ± One Standard 
Deviation for N ≥ 3 Replicates); Positive Response Equals ΔCt ≥ 9 (New, Avg, and High 

refer to relative ambient particulate loads) 

 
Figure 19. RV-PCR Analysis of B. a. Sterne Spores Recovered from PM2.5 Filters from 

Wisconsin Using Chromosomal and pXO1 Gene Targets (Average ± One Standard 
Deviation for N ≥ 3 Replicates); Positive Response Equals ΔCt ≥ 9 (New, Avg, and High 

refer to relative ambient particulate loads) 
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Figure 20. RV-PCR Analysis of B. a. Sterne Spores Recovered from PM10 Filters from 
California Using Chromosomal and pXO1 Gene Targets (Average ± One Standard 

Deviation for N ≥ 3 Replicates); Positive Response Equals ΔCt ≥ 9 (New, Avg, and High 
refer to relative ambient particulate loads) 

 

Figure 21. RV-PCR Analysis of B. a. Sterne Spores Recovered from PM10 Filters from 
New Hampshire Using Chromosomal and pXO1 Gene Targets (Average ± One Standard 
Deviation for N ≥ 3 Replicates); Positive Response Equals ΔCt ≥ 9 (New, Avg, and High 

refer to relative ambient particulate loads) 
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Figure 22. RV-PCR Analysis of B. a. Sterne Spores Recovered from PM10 Filters from 
South Carolina Using Chromosomal and pXO1 Gene Targets (Average ± One Standard 
Deviation for N ≥ 3 Replicates); Positive Response Equals ΔCt ≥ 9 (New, Avg, and High 

refer to relative ambient particulate loads) 

 

Figure 23. RV-PCR Analysis of B. a. Sterne Spores Recovered from PM10 Filters from 
Wisconsin Using Chromosomal and pXO1 Gene Targets (Average ± One Standard 

Deviation for N ≥ 3 Replicates); Positive Response Equals ΔCt ≥ 9 (New, Avg, and High 
refer to relative ambient particulate loads) 
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3.2  Non-AQ Filter Analyses Results 

3.2.1  Culture Method 
A summary of the average and standard deviation of the measured recovery efficiencies of 

presumptive B. a. Sterne spores recovered from the non-AQ filter substrate spiked with 

B. a. Sterne spores and using the SBA medium to culture are presented in Table 8. The 

determined number of spores available and the number of presumptive B. a. Sterne spores 

recovered are tabulated along with the nominal quantity of spores available for analysis (15, 150, 

and 1,500 CFU/filter sample). The quantity of presumptive B. a. Sterne colonies reported in the 

tables is half of the actual total recovered because in the context of the tables, only half of the 

extract samples was made available for analysis. The quantity of presumptive B. a. Sterne 

colonies for each sample, used in the percent recovery calculations, are reported in Appendix M 

for the SBA culture medium. The recovery efficiencies are based on the culture method using the 

SBA medium. When the MYP chromogenic agar was also used in the culture method, the 

recovery efficiencies are reported in Appendix N. 

The recovery efficiencies are plotted in Figures 25 through 28, one plot for each filter type. Note, 

a percent recovery is not tabulated or plotted for the 0-spore spike condition since, by definition, 

a meaningful recovery efficiency cannot be calculated, even though there could have been a 

finite number of presumptive B. a. Sterne colonies counted based on colony morphology.  
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Table 8. Recovery Efficiencies for Presumptive B. a. Sterne Spores from Non-Air Quality 
Filters Cultured in the SBA Medium (N ≥ 3 Replicates) 

Filter 
Type 

Duty 
Stage(a) 

Sample 
Reps 

Spores Available for Analysis 
(CFU) 

Spores 
Recovered 

(CFU) 
(X ± σ)(d) 

Spore 
Recovery 
Efficiency 

(%) 
(X ± σ)(e) 

Nominal(b)  Determined 
(X ± σ) (c) 

Bus 
Engine 

New 

5 0 0 0 N/A 
3 15 20 ± 4 5.2 ± 6.5 24 ± 30 
3 150 200 ± 40 13 ± 11 6.0 ± 4.8 
3 1,500 2,000 ± 400 100 ± 37 5.3 ± 1.7 

Mid 

3 0 0 2.1 ± 1.8 N/A 
3 15 13 ± 7 6.3 ± 5.4 50 ± 52 
3 150 130 ± 70 21 ± 7.9 21 ± 13 
3 1,500 1,300 ± 700 170 ± 38 14 ± 6.0 

End 

5 0 0 1.6 ± 1.8 N/A 
5 15 13 ± 8 19 ± 5.1 190 ± 110 
5 150 130 ± 80 27 ± 10 27 ± 16 
3 1,500 2,000 ± 400 340 ± 140 17 ± 4.4 

Building 
HVAC  

New 

4 0 0 0 N/A 
4 15 18 ± 1 8.6 ± 3.0 48 ± 16 
3 150 160 ± 10 50 ± 23 32 ± 13 
3 1,500 1,600 ± 100 600 ± 81 38 ± 7.9 

Mid 

3 0 0 0 N/A 
3 15 13 ± 7 2.1 ± 1.8 23 ± 20 
3 150 130 ± 70 47 ± 24 38 ± 16 
3 1,500 1,300 ± 700 600 ± 120 53 ± 22 

End 

4 0 0 47 ± 56 N/A 
4 15 18 ± 1 31 ± 16 170 ± 79 
4 150 180 ± 10 69 ± 22 39 ± 15 
4 1,500 1,800 ± 100 740 ± 180 43 ± 13 

Subway 
Platform 

New 

3 0 0 0 N/A 
3 15 10 ± 3 10 ± 3.6 110 ± 59 
3 150 100 ± 30 47 ± 29 43 ± 16 
3 1,500 1,000 ± 300 590 ± 64 61 ± 19 

Mid 

3 0 0 13 ± 13 N/A 
3 15 17 ± 3 9.4 ± 3.1 59 ± 27 
3 150 170 ± 40 70 ± 12 42 ± 9.0 
3 1,500 1,700 ± 300 450 ± 51 28 ± 7.0 

End 

3 0 0 21 ± 26 N/A 
3 15 10 ± 3 25 ± 22 290 ± 250 
3 150 100 ± 30 58 ± 29 57 ± 30 
3 1,500 1,000 ± 300 500 ± 280 56 ± 37 
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Table 8. Recovery Efficiencies for Presumptive B. a. Sterne Spores from Non-Air Quality 
Filters Cultured in the SBA Medium (N ≥ 3 Replicates) (Cont.) 

Filter 
Type 

Duty 
Stage(a) 

Sample 
Reps 

Spores Available for Analysis 
(CFU) Spores 

Recovered 
(CFU) 

(X ± σ)(d) 

Spore 
Recovery 
Efficiency 

(%) 
(X ± σ)(e) 

Nominal(b)  Determined 
(X ± σ) (c) 

Subway 
Rolling 
Stock 

New 

3 0 0 0 N/A 
3 15 28 ± 12 14 ± 1.8 57 ± 28.6 
3 150 280 ± 120 160 ± 46 63 ± 15.1 
3 1,500 2,800 ± 1200 1100 ± 530 38 ± 3.1 

Mid 

3 0 0 6.3 ± 8.8 N/A 
3 15 17 ± 3 13 ± 22 60 ± 100 
3 150 170 ± 40 50 ± 33 31 ± 24 
3 1,500 1,700 ± 300 250 ± 330 16 ± 22 

End 

3 0 0 8.3 ± 7.2 N/A 
3 15 28 ± 12 29 ± 26 130 ± 25 
3 150 280 ± 120 58 ± 71 25 ± 20 
3 1,500 2,800 ± 1200 UD(f) UD 

(a) Relative ambient particulate loading. 
(b) Nominally one-half of the target spore load onto the filter and assuming 100% recovery of spores. 
(c) Based on the spiking suspension titer measured each test trial, 100% recovery efficiency, and one-half of extract 

used for culture analysis. 
(d) Presumptive B. a. Sterne colonies based on morphology and one-half of extract used for culture analysis 
(e) Calculated using the actual spore loading on each filter and presumptive B. a. Sterne spores recovered on each 

filter sample. 
(f) Undetermined (UD) due to excess growth of collected ambient organisms on the filter and/or presumptive 

B. a. Sterne. 

The basic trends, observations, general results, and discussion provided in Section 3.1.1 for the 

culture results (percent recovery efficiencies) for the air quality type filters applies here with the 

non-AQ filters. Most notable is the relatively large sample standard deviation and apparent 

recovery efficiencies exceeding 100% associated with the nominal 15-spores-available condition 

that are attributed to few B. a. Sterne spores recovered and/or impact of background flora that 

could bias the presumptive B. a. Sterne spore count high or low.  

As examples, the highest overall spore recovery efficiencies approached 60% for the subway 

platform filters when loaded with nominal 150 to 1,500 spores available to a low of 0% (no 

colonies with B. a. Sterne morphology could be identified). The bus engine filter has the lowest 

percent recovery of the non-AQ filters when the filters were New. The subway rolling stock 

filters appeared (by visual observation) to be the dirtiest of the non-AQ filters and had an 

abundance of background flora that complicated the identification and quantification of 



EPA/600/R-19/082  
August 2019 

46 

recovered B. a. Sterne. Figure 24 shows photographs of representative culture plates depicting 

the amount of background flora and grime that adversely affected B. a. Sterne quantification. 

 

Figure 24. Subway Rolling Stock End-of-Service Filter Spiked with 30, 300, or 3,000 Spores 
(from left to right, respectively) 

 
Figure 25. Percent Recovery Efficiencies (Average ± One Standard Deviation of N ≥ 3 
Replicates) of Presumptive B. a. Sterne Spores from Bus Engine Filters Using the SBA 

Medium (New, Mid, and End refer to service life or duty cycle of the filter) 
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Figure 26. Percent Recovery Efficiencies (Average ± One Standard Deviation of N ≥ 3 
Replicates) of Presumptive B. a. Sterne Spores from Building HVAC Filters Using the SBA 

Medium (New, Mid, and End refer to service life or duty cycle of the filter) 

 

Figure 27. Percent Recovery Efficiencies (Average ± One Standard Deviation of N ≥ 3 
Replicates) of Presumptive B. a. Sterne Spores from Subway Platform Filters Using the 

SBA Medium (New, Mid, and End refer to service life or duty cycle of the filter) 
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Figure 28. Percent Recovery Efficiencies (Average ± One Standard Deviation of N ≥ 3 
Replicates) of Presumptive B. a. Sterne Spores from Subway Rolling Stock Filters Using 

the SBA Medium (New, Mid, and End refer to service life or duty cycle of the filter) 

A representative, qualitative illustration of how dirty the filters were, and the associated 

suspension extract, is shown in Figure 29 for a bus engine filter. There was a range of observable 

discoloration and/or noticeable suspended particulate matter and the bus engine filter represented 

one of the dirtier filters. The images demonstrate that the analytical methods were applied to very 

challenging matrices and were far from being applied to pristine samples in a laboratory setting 

as that associated with method development. 

 

Figure 29. Bus Engine End-of-Service Life Filter Deconstructed Prior to Spore Recovery 
(left) and Suspension After Recovered from Bus Engine Filters New (unused) in Top Row 

and End-of-Service Life in Bottom Row of RV-PCR Vacuum Manifold 
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3.2.2  RV-PCR Method 
A summary of the average and sample standard deviation of the RV-PCR ΔCt values for the 

detection of B. a. Sterne spores recovered from the non-AQ filter substrates are presented in 

Table 9. The ΔCt results are plotted in Figures 30 through 33, with each plot associated with one 

of the four specific filter types. The summary tables and associated plots follow the same column 

header and x-axis labeling convention as used for the presentation of culture results. Most 

notably, the nominal number of spores available for analysis of 15, 150, and 1,500 CFU are used; 

it represents the maximum number of spores available assuming a 100% recovery efficiency and 

half the sample extract is available for RV-PCR analysis. The average quantity of spores 

determined available are presented in the summary tables. The 0-spore available condition is 

included in the plots because meaningful RV-PCR results can be obtained, unlike that for a 

recovery efficiency. The plots all depict an area shaded in red that is the region of a negative 

confirmation result and an area of green that is a positive confirmation result, delineated by both 

the chromosomal and pXO1 gene target ΔCt values having to be ≥ 9 to be a positive result. The 

RV-PCR results for each non-AQ filter sample analyzed are presented in Appendix O. 

New non-AQ filters from bus engine, building HVAC, subway platform, and subway rolling 

stock generated a ΔCt value between 20.8 and 28.0 (chromosome and pXO1 target PCR assays). 

For used filters, both Mid and End, the ΔCt values increase with spore load, indicating inhibition 

from background, either due to growth inhibition during overnight incubation (enrichment step) 

or molecular inhibition of the real-time PCR assays, not due to physical recovery because the 

new filter material response for all spore loads are consistently above a ΔCt of 20. (The ΔCt 

values for both real-time PCR assay targets (chromosomal and pXO1) tracked similarly for each 

sample extract throughout the study.)  
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Table 9. RV-PCR Analyses of Non-Air Quality Filters for Detection of B. a. Sterne Spores 
Using Chromosomal and pXO1 Gene Targets (N ≥ 3 Replicates) 

Filter 
Type 

Duty 
Stage(a) 

Spores Available for Analysis  
(CFU) ΔCt (X ± σ) 

Actual(b) Determined(c)  
(X ± σ) 

Chromosomal 
Gene Target 

pXO1 
Gene Target 

Bus 
Engine 

New 

0 0 2.8 ± 4.2 3.0 ± 3.4 
15 20 ± 4 27.7 ± 1.1 27.6 ± 1.0 
150 200 ± 40 27.5 ± 0.9 27.7 ± 1.0 

1,500 2,000 ± 400 28.0 ± 0.1 27.6 ± 0.8 

Mid 

0 0 0.0 ± 0.0 0.4 ± 0.7 
15 13 ± 7 14.1 ± 4.1 14.1 ± 3.3 
150 130 ± 70 20.1 ± 3.2 20.5 ± 2.8 

1,500 1,300 ± 700 22.0 ±1.7 22.8 ± 1.5 

End 

0 0 4.5 ± 6.1 4.9 ± 6.2 
15 13 ± 8 14.9 ± 3.9 15.8 ± 3.4 
150 130 ± 80 19.2 ± 4.2 19.9 ± 3.8 

1,500 2,000 ± 400 24.1 ± 2.0 24.7 ± 1.9 

Building 
HVAC 

New 

0 0 7.1 ± 3.6 9.3 ± 1.8 
15 18 ± 1 25.7 ± 1.5 26.4 ± 1.3 
150 160 ± 10 20.8 ± 5.1 21.2 ± 5.1 

1,500 1,600 ± 100 27.3 ± 1.2 27.6 ± 1.0 

Mid 

0 0 0.0 ± 0.0 -0.3 ± 0.5 
15 13 ± 7 16.4 ± 1.1 16.9 ± 1.2 
150 130 ± 70 22.5 ± 1.0 22.9 ± 0.8 

1,500 1,300 ± 700 26.4 ± 1.2 26.9 ± 1.1 

End 

0 0 6.3 ± 6.2 9.2 ± 3.6 
15 18 ± 1 16.9 ± 4.0 17.1 ± 3.8 
150 180 ± 10 19.2 ± 1.7 19.8 ± 1.8 

1,500 1,800 ± 100 23.8 ± 1.9 24.5 ± 1.9 

Subway 
Platform 

New 

0 0 3.9 ± 3.4 3.7 ± 4.3 
15 10 ± 3 22.1 ± 10.9 19.3 ± 13.2 
150 100 ± 30 24.9 ± 5.8 24.9 ± 6.3 

1,500 1,000 ± 300 23.5 ± 3.5 22.1 ± 4.8 

Mid 

0 0 0.0 ± 0.0 0.0 ± 0.0 
15 17 ± 3 11.0 ± 9.7 11.2 ± 9.8 
150 170 ± 40 19.6 ± 0.1 20.0 ± 0.2 

1,500 1,700 ± 300 20.0 ± 1.3 20.5 ± 1.2 

End 

0 0 3.0 ± 5.2 1.7 ± 2.7 
15 10 ± 3 11.6 ± 4.8 11.2 ± 6.4 
150 100 ± 30 15.8 ± 1.8 13.1 ± 3.7 

1,500 1,000 ± 300 18.6 ± 5.2 18.5 ± 5.3 
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Table 9. RV-PCR Analyses of Non-Air Quality Filters for Detection of B. a. Sterne Spores 
Using Chromosomal and pXO1 Gene Targets (N ≥ 3 Replicates) (Cont.) 

Filter 
Type 

Duty 
Stage(a) 

Spores Available for Analysis  
(CFU) ΔCt (X ± σ) 

Actual(b) Determined(c)  
(X ± σ) 

Chromosomal 
Gene Target 

pXO1 
Gene Target 

Subway 
Rolling 
Stock 

New 

0 0 5.3 ± 5.2 6.7 ± 5.9 
15 28 ± 12 26.5 ± 3.5 26.5 ± 3.5 
150 280 ± 120 27.7 ± 0.7 27.9 ± 0.7 

1,500 2,800 ± 1200 27.6 ± 0.8 27.4 ± 0.4 

Mid 

0 0 0.0 ± 0.0 0.0 ± 0.0 
15 17 ± 3 8.9 ± 7.8 9.2 ± 8.1 
150 170 ± 40 17.8 ± 2.7 18.3 ± 2.7 

1,500 1,700 ± 300 20.3 ± 1.7 20.9 ± 1.9 

End 

0 0 9.0 ± 7.8 9.1 ± 7.9 
15 28 ± 12 12.0 ± 5.3 13.9 ± 3.1 
150 280 ± 120 17.2 ± 3.1 17.9 ± 3.0 

1,500 2,800 ± 1200 18.1 ± 4.1 18.8 ± 4.0 
(a) Relative ambient particle loading. 
(b) Nominally one-half of the target spore load onto the filter and assuming 100% recovery of spores. 
(c) Based on the spiking suspension titer measured each test trial, 100% recovery efficiency, and one-half of 

extract used for RV-PCR analysis. 

In all instances, the ΔCt value for both chromosomal and pXO1 gene targets were ≥ 9 when the 

filters had nominally 15 spores available for analysis. Consistently, very good agreement 

(average ΔCt differed by < 3 between the two gene targets) was obtained for the chromosomal 

and pXO1 gene targets for both all non-AQ filter types and for all of the nominal spore loads. 

There were instances (for example, with the subway rolling stock filter and its end-of-service life 

condition) where the ΔCt for the 0-spike condition was ≥ 9, indicating a positive presence of 

B. a. Sterne. Those non-zero ΔCt values were primarily associated with samples tested early in 

the study and were likely due to low-level cross-contamination that was subsequently eliminated 

through rigorous glove change-out, refinement of method execution technique, and extreme care 

in procedure execution. The originally purchased filter manifold did not consistently seal well. 

Lawrence Livermore National Laboratory provided a filter manifold that was more effective at 

sealing and helped reduce occurrences of likely cross-contamination (non-zero ΔCt values for 

the 0-spike condition.) Also, there were instances where the PES filter vials exhibited leakage or 

by-pass flow that could have led to sample contamination. The impact was only apparent in the 

0-spike condition of the filters analyzed because all other samples purposely (via spiking) 

contained the B. a. Sterne target organism.  
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The RV-PCR method was adversely affected by the collection of ambient particulate matter 

collected on the non-AQ filters. The ΔCt values were highest for the New filters of each filter 

type compared to the ΔCt values for the Mid or End cycle filters for all quantities of B. a. Sterne 

spores available for analysis. Although the RV-PR response was attenuated, the RV-PCR method 

was able to detect the presence of B. a. Sterne. Only for the subway platform and the subway 

rolling stock were there instances where the nominal 15-spores-available condition did not yield 

a positive response. (On average, ΔCt ≥ 9 was achieved for the subway platform filters, but there 

was one 15-spore spike condition for the New and one for the Mid service life that had one or 

both the chromosomal and pXO1 gene targets with ΔCt < 9, and there were two replicates for the 

End service life that had ΔCt < 9. Similarly, on average, ΔCt ≥ 9 was achieved for the subway 

rolling stock filters, but there was one 15-spore-spike condition for the Mid and one for the End 

service life that had one or both the chromosomal and pXO1 gene targets with ΔCt < 9. 

(See Appendix O for individual test replicate results.) The ΔCt values were the highest for the 

New filters for all four filter types for all three spore loading levels, which would suggest that the 

higher ambient particulate load on the filter had some interfering effect. The RV-PCR method 

detection across the four filters was around the 15-spores-available threshold, similar to that for 

the PM2.5 AQ filters. 
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Figure 30. RV-PCR Analysis of B. a. Sterne Spores Recovered from Bus Engine Filters 
Using Chromosomal and pXO1 Gene Targets (Average ± One Standard Deviation for 

N ≥ 3 Replicates); Positive Response Equals ΔCt ≥ 9 (New, Mid, and End refer to service 
life or duty cycle of the filter) 

 

Figure 31. RV-PCR Analysis of B. a. Sterne Spores Recovered from Building HVAC Filters 
Using Chromosomal and pXO1 Gene Targets (Average ± One Standard Deviation for 

N ≥ 3 Replicates); Positive Response Equals ΔCt ≥ 9 (New, Mid, and End refer to service 
life or duty cycle of the filter) 
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Figure 32. RV-PCR Analysis of B. a. Sterne Spores Recovered from Subway Platform 
Filters Using Chromosomal and pXO1 Gene Targets (Average ± One Standard Deviation 

for N ≥ 3 Replicates); Positive Response Equals ΔCt ≥ 9 (New, Mid, and End refer to 
service life or duty cycle of the filter) 

 

Figure 33. RV-PCR Analysis of B. a. Sterne Spores Recovered from Subway Rolling Stock 
Filters Using Chromosomal and pXO1 Gene Targets (Average ± One Standard Deviation 

for N ≥ 3 Replicates); Positive Response Equals ΔCt ≥ 9 (New, Mid, and End refer to 
service life or duty cycle of the filter) 
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3.3  Summary of Detection Accuracy 

The results presented in Sections 3.1 and 3.2 can be further reduced to a high-level performance 

summary of detection accuracy of the two analytical methods and their associated false positive 

and negative frequencies. For culture method, false positive was defined as the identification 

(counting) of one or more presumptive B. a. Sterne spores when none were spiked onto the filter; 

false negative was defined as when no presumptive B. a. Sterne spores were counted, yet the 

filter was spiked, and an accurate detection when either no spores were identified in the 0-spike 

condition or identified for a filter spike condition. The positive identification for RV-PCR is as 

defined in Section 2.3.5 (ΔCt ≥ 9 for both gene targets). A true positive was defined as correctly 

detecting B. a. Sterne in a spiked sample and a true negative as no detection of B. a. Sterne in a 

filter that was not spiked. A summary of those results is presented in Table 10 and expressed as 

percentage for each filter type assessed. 

The false negative detections for culture were associated with either the 0-spike condition or 

when background flora of competing organisms did not permit identification of any colonies 

with B. a. Sterne morphology. The false positives for culture were attributed, and in some 

instances, confirmed with PCR analysis of selected colonies, to presumptive B. a. Sterne 

colonies not being correct, as discussed earlier. 

The false negative for RV-PCR were believed to be due, in part, to poor physical recovery of 

spores from the filter as well as likely some loss in sensitivity due to the ambient particulate 

matter recovered along with the B. a. Sterne spores. The false positives for RV-PCR are 

attributed to likely cross-contamination that was suspected to have occurred early in the study as 

the method was being implemented. 

Both methods performed poorest for the PM10 filters, which in part was believed due to having 

the lowest percent recovery of applied B. a. Sterne spores. The overall accuracy of the method 

properly detecting B. a. Sterne (combined true positives and true negatives) were 82% for culture 

and 85% for RV-PCR. 

Table 11 gives similar summary of method response comparison as Table 10, but as a measure of 

the consistency of both methods yielding the same response of whether B. a. Sterne was detected 

or not.   
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Table 10. Summary of the Accuracy of the Method Response to Detect B. a. Sterne  

Filter 
Type 

Total Number of Samples Culture / Molecular Response 

Spiked Not 
Spiked Total True 

Positive(a) 
True 

Negative(b) 
False 

Positive(c) 
False 

Negative(d) 

PM2.5 81 27 108 
79 / 81 24 / 25 3 / 2 2 / 0 

98% / 100% 89% / 93% 11% / 7.4% 2.5% / 0% 

PM10 82 29 111 
64 / 68 22 / 25 7 / 4 18 / 14 

78% / 83% 76% / 86% 24% / 14% 22% / 17% 

Bus 31 12 43 
29 / 31 8 / 11 4 / 2 2 / 0 

94% / 100% 67% / 92% 33% / 17% 6.5% / 0% 

HVAC 31 11 42 
30 / 31 8 / 8 3 / 3 1 / 0 

97% / 100% 73% / 73% 27% / 27% 3.2% / 0% 

Platform 27 9 36 
25 / 23 5 / 9 4 / 0 2 / 4 

93% / 85% 56% / 
100% 44% / 0% 7.4% / 15% 

Rolling 
Stock 27 9 36 

22 / 25 6 / 6 3 / 3 5 / 2 
81% / 93% 67% / 67% 33% / 33% 19% / 7.7% 

Sum 279 97 376 249 / 259 73 / 74 24 / 14 30 / 20 
All Filter 

Types 
   89% / 93% 75% / 76% 25% / 14% 10% / 7% 

(a) Number of positive responses (for each analytical method) to filters that were spiked with B. a. Sterne; 
percentage calculated by dividing number of occurrences by number of spiked samples. 

(b) Number of negative responses (for each analytical method) to filters that were not spiked with B. a. Sterne; 
percentage calculated by dividing number of occurrences by number of samples not spiked. 

(c) Number of positive responses (for each analytical method) to filters that were not spiked with B. a. Sterne; 
percentage calculated by dividing number of occurrences by number of samples not spiked. 

(d) Number of negative responses (for each analytical method) to filters that were spiked with B. a. Sterne; 
percentage calculated by dividing number of occurrences by number of spiked samples. 
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Table 11. Positive and Negative B. a. Sterne Detection Frequency for Culture and 
Molecular Analysis Methods 

Filter 
Type 

Total Number of Samples Culture / Molecular Response 

Spiked Not 
Spiked Total Pos/Pos(a) Neg/Neg(b) Pos/Neg(c) Neg/Pos(d) 

PM2.5 81 27 108 
79 22 3 4 

97.5% 81.5% 2.8% 3.7% 

PM10 82 29 111 
59 27 12 13 

72.0% 93.1% 10.8% 11.7% 

Bus 31 12 43 
29 8 2 4 

93.5% 66.7% 4.7% 9.3% 

HVAC 31 11 42 
30 7 2 3 

96.8% 63.6% 4.8% 7.1% 

Platform 27 9 36 
23 7 6 0 

85.2% 77.8% 16.7% 0.0% 
Rolling 
Stock 27 9 36 

24 6 1 5 
88.9% 66.7% 2.8% 13.9% 

Sum 279 97 376 244 77 26 29 
Percent    87.5% 79.4% 6.9% 7.7% 

(a) Both the culture and molecular responses positively identified the presence of B. a. Sterne correctly in samples 
that were spiked; percentage calculated by dividing number of occurrences by number of spiked samples. 

(b) Both the culture and molecular responses correctly gave a negative response to the presence of B. a. Sterne in 
samples that were not spiked; percentage calculated by dividing number of occurrences by number of samples 
not spiked. 

(c) Culture yielded a positive response for B. a. Sterne and molecular response was negative for the presence of 
B. a. Sterne; percentage calculated by dividing number of occurrences by number of samples analyzed. 

(d) Culture yielded a negative response for B. a. Sterne and molecular response was positive for the presence of 
B. a. Sterne; percentage calculated by dividing number of occurrences by number of samples analyzed. 
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3.4  Ancillary Results 

3.4.1  PES vs PVDF Membrane Filter Vials 
One unexpected outcome of this project was the determination of the importance of consumable 

availability via supply chain. In the case of an actual event, time to results will be of utmost 

importance, and a method will need to be flexible enough to endure shortages of supplies. The 

method used here was tested in this way because of a back-order situation for the filter vials for 

the RV-PCR method that had to be resolved. During testing, an order for 10 boxes of filter vials 

with polyethersulfone (PES) membranes was placed in mid-October 2017 (GE Healthcare, Cat. 

No. AV125NPUPSU) and placed onto backorder and did not arrive until August 8, 2018. When 

the order was placed in mid-October, multiple vendors were showing the item number in stock. 

However, follow up with the vendors indicated they were not available, and the expected 

shipment date continued to be pushed to a later date. While in communication with the 

manufacturer (GE Healthcare), a filter vial with polyvinyldiene difluoride (PVDF) membrane 

was identified that was also available for similar applications and is manufactured as a stock item 

rather than a made-to-order item.  

The filter vials with PES and PVDF membrane were compared side-by-side by spiking spores 

directly into the first extraction buffer (PBS with Tween 20 and Ethanol) followed by filtration 

then RV-PCR analysis. The test matrix in Table 12 shows the test matrix and number of 

replicates used to determine if the two product numbers were equivalent. Figures 34 and 35 show 

how the ΔCt and the final Ct values compare between the two different membranes. The binary 

result of “positive” or “negative” was unaffected and all ΔCt values were > 25 for all spike 

levels; the lone exception was a sample that leaked during enrichment (ΔCt was 23). All matched 

pair Tfinal Ct values were within ± 1.1 with the PVDF Tfinal Ct generally higher compared to its 

PES mate, indicating slightly less sensitivity. After this evaluation, testing continued using PES 

filter vials.  

Table 12. Test Matrix for Comparing PES and PVDF Membranes 

Target Spore Loading PES Membrane (replicates) PVDF Membrane (replicates) 
0 2 2 
1 4 4 

150 5 5 
1,500 5 5 
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Figure 34. Side-by-Side Analysis of ΔCt Values Generated During the RV-PCR using 
PES and PVDF Filter Vials 

 

Figure 35. Side-by-Side Analysis of Final Ct Values Generated During the RV-PCR using 
PES and PVDF Filter Vials 
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4.0  QUALITY ASSURANCE/QUALITY CONTROL 

Quality assurance (QA)/quality control (QC) procedures were performed in accordance with the 

Testing and Evaluation (T&E II) Program Quality Management Plan (QMP), Version 1 and the 

TO 09 Quality Assurance Project Plan (QAPP) (Battelle, 2017). The QA/QC procedures and 

results are summarized below. 

4.1  Equipment Calibration 

All equipment (e.g., pipettes, incubators, water baths, refrigerators/freezers) used at the time of 

the evaluation were verified as being certified, calibrated, or validated. 

4.2  QC Results 

QC efforts conducted during NAF testing included positive and negative controls for both spread 

plate samples and qPCR. In addition, both the spore bank and B. a. Sterne spike suspension 

concentrations (CFU/mL) were measured for each test so that known quantities of spores spiked 

onto the filter sample could be made. 

Positive controls (PC) and no template controls (NTC) were included for each RV-PCR assay 

and in all cases performed as expected, with Ct values consistently in the mid-20s for the 50 pg 

PC and no Ct value generated for NTCs. 7500 Fast system performance was assessed according 

to internal standard operating procedure (SOPs) and maintained at regular intervals, monthly 

(optical and background calibration), every 6 months (dye calibration), and annual (RNase P 

calibration). For culture, the PC spore stock maintained a single morphological appearance 

consistent with B. a. Sterne throughout the study, as determined at the beginning of each trial. 

Media and reagents used for culture analysis were screened (negative controls) and had no 

growth, showing that reagents used were not the source of contamination. 

4.3  Operational Parameters 

Micropipettes, thermometers, and timers used were calibrated against a traceable standard at 

regular intervals (every 6 months or annual) and used only within acceptable calibration interval 

established by internal SOPs.  
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4.4  Audits 

4.4.1  Performance Evaluation Audit 
Performance evaluation (PE) audits were conducted to assess the quality of the results obtained 

during these experiments. Table 13 summarizes the PE audits that were performed. A 20-µL 

pipette (C20267) used for Master Mix addition and sample addition was found out of tolerance 

on 13 August 2018. Volumes pipetted were 5 µL (sample addition) and 20 µL (Master Mix 

addition) for RV-PCR analysis. The pipette was evaluated at three set volumes, 2 µL, 10 µL, and 

20 µL and measurements ranged from 2.207 to 2.247; 10.183 to 10.334; and 20.247 to 20.407 

for each of the set volumes, which is outside of specifications for internal SOPs. Controls on 

RV-PCR assay performed as expected and the pipette was adjusted before being returned to 

service.  

Table 13. Performance Evaluation Audits 

Measurement Audit 
Procedure 

Allowable 
Tolerance 

Actual 
Tolerance 

Volume of liquid from 
micropipettes Gravimetric evaluation ± 10% 

Passed calibration as 
found/as returned with one 

exception (C20267), as 
described above 

Time Compared to independent 
clock ± 2 seconds/hour Passed calibration as 

found/as returned 

Temperature Compared to independent 
calibrated thermometer ± 2°C Passed calibration as 

found/as returned 

4.4.2  Technical Systems Audit  
Observations and findings from the technical system audit (TSA) were documented and 

submitted to the laboratory technical lead for response. The TSA was conducted on June 15, 

2018 to ensure that tests were being conducted in accordance with the appropriate QAPP and 

QMP. As part of the audit, test procedures were compared to those specified in the QAPP and 

work instructions, and data acquisition and handling procedures were reviewed. None of the 

findings of the TSA required corrective action.  

4.4.3  Data Quality Audit 
At least 10% of the data acquired during the evaluation were audited. Data were reviewed in 

December 2018 and January 2019. A QA auditor traced the data from the initial acquisition, 

through reduction and statistical analysis, to final reporting to ensure the integrity of the reported 
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results. All calculations performed on the data undergoing the audit were verified. Only minor 

issues were noted with the data, mostly data transcription errors that were corrected. 

4.5  QA/QC Reporting  

Each assessment and audit was documented in accordance with the QAPP and QMP. For these 

tests, findings were noted (none were significant) in the data quality audit, and no follow-up 

corrective action was necessary. The findings were mostly minor data transcription errors 

requiring some recalculation of efficacy results, but none were gross errors in recording. QA/QC 

procedures were performed in accordance with the QAPP.  

4.6  Data Review 

Records and data generated in the evaluation received a QC/technical review before they were 

utilized in calculating or evaluating results and prior to incorporation in this report. 
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5.0  SUMMARY OF METHOD OBSERVATIONS AND EXPERIENCES 

While implementing the method, key observations and experiences were noted that will be useful 

to understand and/or take into consideration for future iterations or versions of the method. Key 

observations were:  

• The PES membrane type of filter vial syringeless filter vials (GE Healthcare, Cat. 
AV125NPUPSU) was not always readily available from distributors and the lead time to 
manufacture was quoted to be 45 business days. The PES membrane type is a made-to-
order product. The PVDF membrane type was a stock item and thus more readily 
available. Ten (10) boxes of PES filter vials were backordered from October 2017 to 
August 2018 (10 months). Both filter types were determined suitable for the RV-PCR 
assay. 

• The RV-PCR method requires great care and diligence to implement effectively. Most 
notably, the RV-PCR method required changing gloves between samples for each step, 
which is onerous and time consuming. However, it was found necessary to minimize 
cross-contamination.  

• Mixing the samples in the platform vortex resulted in loose lids. The method was revised 
from the original recommended 30-mL tubes to BD Falcon brand 50-mL conical tubes, 
and Parafilm was used to seal the lids during platform vortex steps. 

• When applying vacuum to the filter vial manifold, the filtrate pooled in the manifold 
reservoir and contacted the bottom of the filter vials near the vacuum source. It is 
recommended to increase the depth of the bottom section of the manifold so that the 
filtrate does not pool and contact the bottom of filter vials.  

• The filter analyses were performed in batches of 16 filter samples per trial using a single 
system based on initial trials to implement the methods. The 16 filter samples were the 
maximum that was deemed reasonable to process considering a normal 8:00 AM to 
5:00 PM workday, without overtime and/or a night shift that may be used by the ERLN if 
actual samples were being processed. A single trial was completed over four consecutive 
days of operation, starting with filter sample spiking during the day and drying overnight. 
(Had these been actual filters collected post-biological release, this spiking activity 
would, obviously, not be performed by the ERLN.)  

• A 16-hour incubation for RV-PCR was used in this study, but the EPA method typically 
uses a 9-hour incubation duration. It is reasonable to initially use the 9-hour incubation 
because the RV-PCR ΔCt was commonly over 15 for the AQ and non-AQ filters 
analyzed if the filters had 150 or more spores available. In practice, longer incubation 
times could be implemented for selected samples to confirm a negative response with a 
9-hour incubation time. 

• Estimated staff time to process 16 samples was approximately 64 hours and $1,500 of 
consumables. The 64 hours of staff time budget was approximately distributed by: 

o 8 hours for activities related specifically to the spiking of the filters being 
assessed, which was a requirement of the study, but not an activity that would be 
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performed had these been actual field samples. This task included time to prepare 
the stock suspensions, enumerate stock suspension, spike the filters, and complete 
associated documentation. 

o 10 hours for spore recovery. 
o 10 hours for culture analysis. 
o 24 hours for RV-PCR analysis. 
o Additionally, 4 hours was needed for PCR confirmation analysis of eight samples, 

when performed. 

• Had the EPA 2012 method been followed without any changes (most notably the samples 
would not be split for analysis and either the culture only or the RV-PCR method only 
been used), a batch of 16 samples would take an estimated 34 labor hours and $1,000 in 
materials to perform culture analysis (with PCR confirmation of at least three colonies 
per sample). To process the same number of samples, an estimated 40 hours and $1,200 
would be required using RV-PCR analysis. Each of the analytical methods would take 2 
or 3 days.  

o The benefit to RV-PCR is that B. a. Sterne can be detected in sample matrices 
with high amounts of background flora and grime. For culture analysis, the 
growth of viable B. a. Sterne spores may be masked by background flora and 
grime in environmental samples, and therefore go undetected.  
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6.0  CONCLUSIONS AND RECOMMENDATIONS 

The foremost conclusion is that filters recovered from both AQ and non-AQ filters may be useful 

to analyze for B. anthracis to help map the extent of contamination from biological incidents, 

recognizing there are limitations to their use. This conclusion is made based on the data showing 

that, even in the presence of other particulate matter having been collected on filters, B. a. Sterne 

spores that were spiked onto the filters could be recovered and successfully analyzed; however, 

the study results clearly indicate that the background flora and other particulate matter can 

adversely impact the method sensitivity and accuracy. Consequently, the NAF could be used to 

supplement results from other sampling plans but should not be relied upon solely as the 

definitive biological warfare incident mapping tool. 

Both the culture and molecular methods can be adversely affected by the presence of ambient 

particulate matter on the filter being assessed. The methods’ sensitivities were impacted by the 

presence of collected ambient particulate matter. 

The filter substrate composition and/or structure may be important factor in the end-to-end 

performance of the methods because it could affect the physical recovery of organisms from the 

NAF being assessed. Furthermore, the results reported in this study are caveated by the fact that 

the NAFs were spiked by applying suspension droplets of B. a. Sterne, and that application 

method could impact physical recovery of B. a. Sterne spores.  

The foremost recommendation is to assess the impact that spiking of B. a. Sterne spores onto the 

NAF substrates has on the recovery and subsequent analyses. The liquid suspension spiking 

method may bias the recovery efficiencies favorably (higher efficiency) or unfavorably. 

Specifically, it is recommended to expand the study by generating an aerosol of B. a. Sterne and 

then pulling the aerosol-laden air through the NAF rather than applying spores via a liquid 

suspension spike. The EPA method would then be implemented to recover and analyze for 

B. a. Sterne. This approach is expected to primarily affect spore recovery, which then may 

impact detection limits and or identification accuracy. 
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Other key conclusions and recommendations from the study include: 

• RV-PCR can be used to positively identify viable B. a. Sterne in the presence of complex, 
dirty sample matrices of NAFs; however, background flora and grime also collected and 
present on the filter can impact the lower limit of detection and/or reduce the response to 
B. a. Sterne. 

• Background flora and non-living material (dirt/grime) interferes with identification and 
quantifying B. a. Sterne using the traditional plate culture method, particularly for non-
AQ filters. Presumptive B. a. Sterne colonies may not actually be B. a. Sterne because 
background flora can have an indistinguishable colony morphology, leading to false 
positives and an over-estimation of the number of actual B. a. Sterne spores. Conversely, 
the apparent B. a. Sterne quantity recovered can be biased low due to suppression of 
B. a. Sterne growth with competing background flora. It is possible for so much 
background flora to be present on NAFs such that the presence of B. a. Sterne cannot be 
made, potentially leading to false negatives.  

• Priority should be placed on analyzing filters having the lowest loading of background 
particulate matter, to the extent that can be determined by the shortest duty cycle of non-
AQ filters or by gravimetric analysis of AQ filters. 

• Priority should be placed on use of PM2.5 filters over PM10 filters when both are 
available from the same area and would have been operating at an appropriate time 
relative to an incident. 

• Recommend that the consumable supplies to execute the method be assessed for their 
availability in sufficient quantities to process the number of anticipated samples from an 
event. An alternative source of the consumable or qualifying an acceptable alternative 
material is recommended so that there is no single point failure in the supply chain. 

• There was no apparent benefit of using a chromogenic agar for the filters tested. MYP 
media yielded results that were comparable to those obtained with SBA. BBCA media 
containing the selective supplement (Oxoid Cat. No. SR0230) yielded percent recovery 
of B. a. Sterne 5 to 7 times less than the counts from SBA.  

The results from this study may be useful for sample plan development and interpretation of 

results following a large-scale biological incident where native air sample types provide utility or 

are available.  
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APPENDIX I. CULTURE RESULTS FOR AIR QUALITY FILTERS USING 
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PM2.5 New 

Sample ID Spore 
Load1 

Extraction 
Volume 

(mL) 

Volume 
in Filter 

Cup 
(mL) 

Plate 
Counts 
(CFU) 

Average Sample 
Concentration Percent 

Recovery 
CFU/mL Total CFU 

1-PM2.5-NEW-0 
0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

9-PM2.5-NA-NEW-
PES-0 

0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

10-PM2.5-NA-NEW-
PVDF-0 

0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

3-PM2.5-NEW-30 
1.5E+01 25 1 1 1.0 25.0 166.7 

1.5E+01 25 4 2 0.5 12.5 83.3 

11-PM2.5-NA-NEW-
PES-30 

4.6E+01 25 1 0 0.0 0.0 0.0 

4.6E+01 25 4 2 0.5 12.5 27.4 

12-PM2.5-NA-NEW-
PVDF-30 

4.6E+01 25 1 0 0.0 0.0 0.0 

4.6E+01 25 4 2 0.5 12.5 27.4 

5-PM2.5-NEW-300 
1.5E+02 25 1 2 2.0 50.0 33.3 

1.5E+02 25 4 12 3.0 75.0 50.0 

13-PM2.5-NA-NEW-
PES-300 

4.6E+02 25 1 9 9.0 225.0 49.2 

4.6E+02 25 4 40 10.0 250.0 54.7 

14-PM2.5-NA-NEW-
PVDF-300 

4.6E+02 25 1 1 1.0 25.0 5.5 

4.6E+02 25 4 19 4.8 118.8 26.0 

7-PM2.5-NEW-3000 
1.5E+03 25 1 38 38.0 950.0 63.3 

1.5E+03 25 4 172 43.0 1075.0 71.7 

15-PM2.5-NA-NEW-
PES-3,000 

4.6E+03 25 1 33 33.0 825.0 18.1 

4.6E+03 25 4 156 39.0 975.0 21.3 

16-PM2.5-NA-NEW-
PVDF-3,000 

4.6E+03 25 1 32 32.0 800.0 17.5 

4.6E+03 25 4 118 29.5 737.5 16.1 

Use values highlighted in green for reporting. 

Count based on half filter multiplied by 2 
1 Actual number of B. a. Sterne spores spiked onto filter based on spiking suspension titer and volume of suspension applied. 
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PM2.5 Arizona Filter Average 

Sample ID Spore 
Load1 

Extraction 
Volume 

(mL) 

Volume 
in Filter 

Cup 
(mL) 

Plate 
Counts 
(CFU) 

Average Sample 
Concentration Percent 

Recovery 
CFU/mL Total CFU 

2-PM2.5-AVG-0 
0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

1-PM2.5-AZ-AVG-PES-
0 

0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 1 0.3 6.3 #DIV/0! 

2-PM2.5-AZ-AVG-
PVDF-0 

0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

4-PM2.5-AVG-30 
1.5E+01 25 1 1 1.0 25.0 166.7 

1.5E+01 25 4 5 1.3 31.3 208.3 

3-PM2.5-AZ-AVG-PES-
30 

4.6E+01 25 1 1 1.0 25.0 54.7 

4.6E+01 25 4 4 1.0 25.0 54.7 

4-PM2.5-AZ-AVG-
PVDF-30 

4.6E+01 25 1 1 1.0 25.0 54.7 

4.6E+01 25 4 7 1.8 43.8 95.7 

6-PM2.5-AVG-300 
1.5E+02 25 1 5 5.0 125.0 83.3 

1.5E+02 25 4 13 3.3 81.3 54.2 

5-PM2.5-AZ-AVG-PES-
300 

4.6E+02 25 1 7 7.0 175.0 38.3 

4.6E+02 25 4 35 8.8 218.8 47.9 

6-PM2.5-AZ-AVG-
PVDF-300 

4.6E+02 25 1 15 15.0 375.0 82.1 

4.6E+02 25 4 39 9.8 243.8 53.3 

8-PM2.5-AVG-3,000 
1.5E+03 25 1 38 38.0 950.0 63.3 

1.5E+03 25 4 99 24.8 618.8 41.3 

7-PM2.5-AZ-AVG-
PVDF-3000 

4.6E+03 25 1 61 61.0 1525.0 33.4 

4.6E+03 25 4 188 47.0 1175.0 25.7 

8-PM2.5-AZ-AVG-
PVDF-3,000 

4.6E+03 25 1 74 74.0 1850.0 40.5 

4.6E+03 25 4 222 55.5 1387.5 30.4 

Use values highlighted in green for reporting. 

Count based on half filter multiplied by 2 
1 Actual number of B. a. Sterne spores spiked onto filter based on spiking suspension titer and volume of suspension applied. 
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PM2.5 Arizona Filter High 

Sample ID Spore Load1 
Extraction 

Volume 
(mL) 

Volume 
in Filter 

Cup 
(mL) 

Plate 
Counts 
(CFU) 

Average Sample 
Concentration Percent 

Recovery 
CFU/mL Total CFU 

9-PM2.5-HIGH-0 
0.0E+00 25 1 1 1.0 25.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

10-PM2.5-HIGH-0 
0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 2 0.5 12.5 #DIV/0! 

9-PM2.5-AZ-HIGH-0 
0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

11-PM2.5-HIGH-30 
1.5E+01 25 1 0 0.0 0.0 0.0 

1.5E+01 25 4 1 0.3 6.3 41.7 

12-PM2.5-HIGH-30 
1.5E+01 25 1 0 0.0 0.0 0.0 

1.5E+01 25 4 2 0.5 12.5 83.3 

10-PM2.5-AZ-HIGH-
30 

1.4E+01 25 1 0 0.0 0.0 0.0 

1.4E+01 25 4 0 0.0 0.0 0.0 

13-PM2.5-HIGH-300 
1.5E+02 25 1 3 3.0 75.0 50.0 

1.5E+02 25 4 15 3.8 93.8 62.5 

14-PM2.5-HIGH-300 
1.5E+02 25 1 2 2.0 50.0 33.3 

1.5E+02 25 4 13 3.3 81.3 54.2 

12-PM2.5-AZ-HIGH-
300 

1.4E+02 25 1 5 5.0 125.0 89.3 

1.4E+02 25 4 22 5.5 137.5 98.2 

15-PM2.5-AZ-
HIGHF-3,000 

1.4E+03 25 1 41 41.0 1025.0 73.2 

1.4E+03 25 4 124 31.0 775.0 55.4 

15-PM2.5-HIGH-
3,000 

1.5E+03 25 1 56 56.0 1400.0 93.3 

1.5E+03 25 4 120 30.0 750.0 50.0 

16-PM2.5-HIGH-
3,000 

1.5E+03 25 1 33 33.0 825.0 55.0 

1.5E+03 25 4 125 31.3 781.3 52.1 

Use values highlighted in green for reporting. 
1 Actual number of B. a. Sterne spores spiked onto filter based on spiking suspension titer and volume of suspension applied. 

  



EPA/600/R-19/082  
10/8/2019 

I-5 

PM2.5 Florida Average 

Sample ID Spore 
Load1 

Extraction 
Volume 

(mL) 

Volume 
in Filter 

Cup 
(mL) 

Plate 
Counts 
(CFU) 

Average Sample 
Concentration Percent 

Recovery CFU/mL Total CFU 

1-PM2.5-AVG-0 
0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

2-PM2.5-AVG-0 
0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

1-PM2.5-FL-AVG-
PVDF-0 

0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

3-PM2.5-AVG-30 
2.0E+01 25 1 1 1.0 25.0 124.4 

2.0E+01 25 4 3 0.8 18.8 93.3 

4-PM2.5-AVG-30 
2.0E+01 25 1 2 2.0 50.0 248.8 

2.0E+01 25 4 1 0.3 6.3 31.1 

3-PM2.5-FL-AVG-
PVDF-30 

5.0E+01 25 1 2 2.0 50.0 99.4 

5.0E+01 25 4 7 1.8 43.8 87.0 

5-PM2.5-AVG-300 
2.0E+02 25 1 11 11.0 275.0 137.5 

2.0E+02 25 4 28 7.0 175.0 87.5 

6-PM2.5-AVG-300 
2.0E+02 25 1 8 8.0 200.0 100.0 

2.0E+02 25 4 17 4.3 106.3 53.1 

5-PM2.5-FL-AVG-
PVDF-300 

5.0E+02 25 1 8 8.0 200.0 39.8 

5.0E+02 25 4 29 7.3 181.3 36.0 

7-PM2.5-AVG-3000 
2.0E+03 25 1 68 68.0 1700.0 85.0 

2.0E+03 25 4 200 50.0 1250.0 62.5 

8-PM2.5-AVG-3,000 
2.0E+03 25 1 75 75.0 1875.0 93.8 

2.0E+03 25 4 288 72.0 1800.0 90.0 

7-PM2.5-FL-AVG-
PVDF-3000 

5.0E+03 25 1 93 93.0 2325.0 46.2 

5.0E+03 25 4 216 54.0 1350.0 26.8 

Use values highlighted in green for reporting. 

Count based on half filter multiplied by 2 
1 Actual number of B. a. Sterne spores spiked onto filter based on spiking suspension titer and volume of suspension applied. 
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PM2.5 Florida High 

Sample ID Spore 
Load1 

Extraction 
Volume 

(mL) 

Volume 
in Filter 

Cup 
(mL) 

Plate 
Counts 
(CFU) 

Average Sample 
Concentration Percent 

Recovery CFU/mL Total CFU 

9-PM2.5-HIGH-0 
0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

10-PM2.5-HIGH-0 
0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

2-PM2.5-FL-HIGH-
PVDF-0 

0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

11-PM2.5-HIGH-30 
2.0E+01 25 1 2 2.0 50.0 250.0 

2.0E+01 25 4 7 1.8 43.8 218.8 

12-PM2.5-HIGH-30 
2.0E+01 25 1 0 0.0 0.0 0.0 

2.0E+01 25 4 2 0.5 12.5 62.5 

4-PM2.5-FL-HIGH-
PVDF-30 

5.0E+01 25 1 2 2.0 50.0 99.4 

5.0E+01 25 4 4 1.0 25.0 49.7 

13-PM2.5-HIGH-300 
2.0E+02 25 1 7 7.0 175.0 87.5 

2.0E+02 25 4 33 8.3 206.3 103.1 

14-PM2.5-HIGH-300 
2.0E+02 25 1 3 3.0 75.0 37.5 

2.0E+02 25 4 28 7.0 175.0 87.5 

6-PM2.5-FL-HIGH-
PVDF-300 

5.0E+02 25 1 21 21.0 525.0 104.4 

5.0E+02 25 4 43 10.8 268.8 53.4 

15-PM2.5-HIGH-3,000 
2.0E+03 25 1 76 76.0 1900.0 95.0 

2.0E+03 25 4 242 60.5 1512.5 75.6 

16-PM2.5-HIGH-3,000 
2.0E+03 25 1 71 71.0 1775.0 88.8 

2.0E+03 25 4 260 65.0 1625.0 81.3 

8-PM2.5-FL-HIGH-
PVDF-3,000 

5.0E+03 25 1 84 84.0 2100.0 41.7 

5.0E+03 25 4 232 58.0 1450.0 28.8 

Use values highlighted in green for reporting. 

Count based on half filter multiplied by 2 
1 Actual number of B. a. Sterne spores spiked onto filter based on spiking suspension titer and volume of suspension applied. 

  



EPA/600/R-19/082  
10/8/2019 

I-7 

PM2.5 Massachusetts Average 

Sample ID Spore 
Load1 

Extraction 
Volume 

(mL) 

Volume 
in Filter 

Cup 
(mL) 

Plate 
Counts 
(CFU) 

Average Sample 
Concentration Percent 

Recovery 
CFU/mL Total CFU 

1-PM2.5-MA-AVG-0 
0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

2-PM2.5-MA-AVG-0 
0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

1-PM2.5-MA-AVG-0 
0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

3-PM2.5-MA-AVG-30 
3.2E+01 25 1 0 0.0 0.0 0.0 

3.2E+01 25 4 0 0.0 0.0 0.0 

4-PM2.5-MA-AVG-30 
3.2E+01 25 1 0 0.0 0.0 0.0 

3.2E+01 25 4 3 0.8 18.8 58.0 

3-PM2.5-MA-AVG-30 
2.0E+01 25 1 0 0.0 0.0 0.0 

2.0E+01 25 4 3 0.8 18.8 93.8 

5-PM2.5-MA-AVG-300 
3.2E+02 25 1 7 7.0 175.0 54.2 

3.2E+02 25 4 29 7.3 181.3 56.1 

6-PM2.5-MA-AVG-300 
3.2E+02 25 1 2 2.0 50.0 15.5 

3.2E+02 25 4 10 2.5 62.5 19.3 

5-PM2.5-MA-AVG-300 
2.0E+02 25 1 1 1.0 25.0 12.5 

2.0E+02 25 4 10 2.5 62.5 31.3 

7-PM2.5-MA-AVG-
3000 

3.2E+03 25 1 63 63.0 1575.0 48.8 

3.2E+03 25 4 156 39.0 975.0 30.2 

8-PM2.5-MA-AVG-
PVDF-3,000 

3.2E+03 25 1 80 80.0 2000.0 61.9 

3.2E+03 25 4 160 40.0 1000.0 31.0 

7-PM2.5-MA-AVG-
3000 

2.0E+03 25 1 47 47.0 1175.0 58.8 

2.0E+03 25 4 103 25.8 643.8 32.2 

Use values highlighted in green for reporting. 
1 Actual number of B. a. Sterne spores spiked onto filter based on spiking suspension titer and volume of suspension applied. 

  



EPA/600/R-19/082  
10/8/2019 

I-8 

PM2.5 Massachusetts High 

Sample ID Spore Load1 
Extraction 

Volume 
(mL) 

Volume 
in Filter 

Cup 
(mL) 

Plate 
Counts 
(CFU) 

Average Sample 
Concentration Percent 

Recovery 
CFU/mL Total CFU 

9-PM2.5-MA-HIGH-
0 

0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

10-PM2.5-MA-
HIGH-0 

0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

9-PM2.5-MA-HIGH-
0 

0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

11-PM2.5-MA-
HIGH-30 

3.2E+01 25 1 0 0.0 0.0 0.0 

3.2E+01 25 4 3 0.8 18.8 58.0 

12-PM2.5-MA-
HIGH-30 

3.2E+01 25 1 0 0.0 0.0 0.0 

3.2E+01 25 4 4 1.0 25.0 77.4 

11-PM2.5-MA-
HIGH-30 

2.0E+01 25 1 0 0.0 0.0 0.0 

2.0E+01 25 4 3 0.8 18.8 93.8 

13-PM2.5-MA-
HIGH-300 

3.2E+02 25 1 5 5.0 125.0 38.7 

3.2E+02 25 4 29 7.3 181.3 56.1 

14-PM2.5-MA-
HIGH-300 

3.2E+02 25 1 5 5.0 125.0 38.7 

3.2E+02 25 4 23 5.8 143.8 44.5 

13-PM2.5-MA-
HIGH-300 

2.0E+02 25 1 3 3.0 75.0 37.5 

2.0E+02 25 4 5 1.3 31.3 15.6 

15-PM2.5-MA-
HIGHF-3,000 

3.2E+03 25 1 62 62.0 1550.0 48.0 

3.2E+03 25 4 124 31.0 775.0 24.0 

16-PM2.5-MA-
HIGH-3,000 

3.2E+03 25 1 61 61.0 1525.0 47.2 

3.2E+03 25 4 140 35.0 875.0 27.1 

15-PM2.5-MA-
HIGHF-3,000 

2.0E+03 25 1 4 4.0 100.0 5.0 

2.0E+03 25 4 25 6.3 156.3 7.8 

Use values highlighted in green for reporting. 
1 Actual number of B. a. Sterne spores spiked onto filter based on spiking suspension titer and volume of suspension applied. 

  



EPA/600/R-19/082  
10/8/2019 

I-9 

PM2.5 Wisconsin Average 

Sample ID Spore 
Load1 

Extraction 
Volume 

(mL) 

Volume 
in Filter 

Cup 
(mL) 

Plate 
Counts 
(CFU) 

Average Sample 
Concentration Percent 

Recovery 
CFU/mL Total CFU 

1-PM2.5-WI-AVG-0 
0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

2-PM2.5-WI-AVG-0 
0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

2-PM2.5-WI-AVG-0 
0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

3-PM2.5-WI-AVG-30 
2.2E+01 25 1 1 1.0 25.0 113.6 

2.2E+01 25 4 2 0.5 12.5 56.8 

4-PM2.5-WI-AVG-30 
2.2E+01 25 1 0 0.0 0.0 0.0 

2.2E+01 25 4 4 1.0 25.0 113.6 

4-PM2.5-WI-AVG-30 
2.0E+01 25 1 5 5.0 125.0 625.0 

2.0E+01 25 4 1 0.3 6.3 31.3 

5-PM2.5-WI-AVG-300 
2.2E+02 25 1 4 4.0 100.0 45.5 

2.2E+02 25 4 17 4.3 106.3 48.3 

6-PM2.5-WI-AVG-300 
2.2E+02 25 1 1 1.0 25.0 11.4 

2.2E+02 25 4 10 2.5 62.5 28.4 

6-PM2.5-WI-AVG-300 
2.0E+02 25 1 6 6.0 150.0 75.0 

2.0E+02 25 4 27 6.8 168.8 84.4 

7-PM2.5-WI-AVG-
3,000 

2.2E+03 25 1 49 49.0 1225.0 55.7 

2.2E+03 25 4 146 36.5 912.5 41.5 

8-PM2.5-WI-AVG-
3,000 

2.2E+03 25 1 25 25.0 625.0 28.4 

2.2E+03 25 4 92 23.0 575.0 26.1 

8-PM2.5-WI-AVG-
PVDF-3,000 

2.0E+03 25 1 60 60.0 1500.0 75.0 

2.0E+03 25 4 108 27.0 675.0 33.8 

Use values highlighted in green for reporting. 

Count based on half filter multiplied by 2 
1 Actual number of B. a. Sterne spores spiked onto filter based on spiking suspension titer and volume of suspension applied. 

  



EPA/600/R-19/082  
10/8/2019 

I-10 

PM2.5 Wisconsin High 

Sample ID Spore Load1 
Extraction 

Volume 
(mL) 

Volume 
in Filter 

Cup 
(mL) 

Plate 
Counts 
(CFU) 

Average Sample 
Concentration Percent 

Recovery 
CFU/mL Total CFU 

9-PM2.5-WI-High-0 
0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

10-PM2.5-WI-High-0 
0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

10-PM2.5-WI-HIGH-
0 

0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

11-PM2.5-WI-High-
30 

2.2E+01 25 1 3 3.0 75.0 340.9 

2.2E+01 25 4 3 0.8 18.8 85.2 

12-PM2.5-WI-High-
30 

2.2E+01 25 1 1 1.0 25.0 113.6 

2.2E+01 25 4 3 0.8 18.8 85.2 

12-PM2.5-WI-HIGH-
30 

2.0E+01 25 1 0 0.0 0.0 0.0 

2.0E+01 25 4 3 0.8 18.8 93.8 

13-PM2.5-WI-High-
300 

2.2E+02 25 1 5 5.0 125.0 56.8 

2.2E+02 25 4 27 6.8 168.8 76.7 

14-PM2.5-WI-High-
300 

2.2E+02 25 1 12 12.0 300.0 136.4 

2.2E+02 25 4 21 5.3 131.3 59.7 

14-PM2.5-WI-HIGH-
300 

2.0E+02 25 1 13 13.0 325.0 162.5 

2.0E+02 25 4 26 6.5 162.5 81.3 

15-PM2.5-WI-High-
3,000 

2.2E+03 25 1 62 62.0 1550.0 70.5 

2.2E+03 25 4 142 35.5 887.5 40.3 

16-PM2.5-WI-High-
3,000 

2.2E+03 25 1 67 67.0 1675.0 76.1 

2.2E+03 25 4 144 36.0 900.0 40.9 

16-PM2.5-WI-HIGH-
3,000 

2.0E+03 25 1 67 67.0 1675.0 83.8 

2.0E+03 25 4 144 36.0 900.0 45.0 

Use values highlighted in green for reporting. 

Count based on half filter multiplied by 2 
1 Actual number of B. a. Sterne spores spiked onto filter based on spiking suspension titer and volume of suspension applied. 

  



EPA/600/R-19/082  
10/8/2019 

I-11 

PM10 New 

Sample ID Spore 
Load1 

Extraction 
Volume 

(mL) 

Volume in 
Filter Cup 

(mL) 

Plate 
Counts 
(CFU) 

Average Sample 
Concentration Percent 

Recovery 
CFU/mL Total CFU 

PM10HV-
New-Blank 0.0E+00 

25 1 0 0.0 0.0 N/A 

25 4 0 0.0 0.0 N/A 

PM10HV-
New-Blank 0.0E+00 

25 1 0 0.0 0.0 N/A 

25 4 0 0.0 0.0 N/A 

1-PM10-
NEW-0 

0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

PM10HV-
New-30 9.0E+00 

25 1 0 0.0 0.0 0.0 

25 4 0 0.0 0.0 0.0 

PM10HV-
New-30 9.0E+00 

25 1 0 0.0 0.0 0.0 

25 4 0 0.0 0.0 0.0 

3-PM10-
NEW-30 

1.8E+01 25 1 0 0.0 0.0 0.0 

1.8E+01 25 4 0 0.0 0.0 0.0 

PM10HV-
New-300 9.0E+01 

25 1 1 1.0 25.0 27.8 

25 4 0 0.0 0.0 0.0 

PM10HV-
New-300 9.0E+01 

25 1 1 1.0 25.0 27.8 

25 4 2 0.5 12.5 13.9 

5-PM10-
NEW-300 

1.8E+02 25 1 0 0.0 0.0 0.0 

1.8E+02 25 4 1 0.3 6.3 3.5 

PM10HV-
New-3,000 1.3E+03 

25 1 4 4.0 100.0 7.7 

25 4 15 3.8 93.8 7.2 

PM10HV-
New-3,000 1.3E+03 

25 1 5 5.0 125.0 9.6 

25 4 24 6.0 150.0 11.5 

PM10HV-
New-3,000 1.3E+03 

25 1 3 3.0 75.0 5.8 

25 4 16 4.0 100.0 7.7 

Use values highlighted in green for reporting. 
1 Actual number of B. a. Sterne spores spiked onto filter based on spiking suspension titer and volume of suspension applied. 

  



EPA/600/R-19/082  
10/8/2019 

I-12 

PM10 California Average 

Sample ID Spore Load1 
Extraction 

Volume 
(mL) 

Volume 
in Filter 

Cup 
(mL) 

Plate 
Counts 
(CFU) 

Average Sample 
Concentration Percent 

Recovery 
CFU/mL Total CFU 

1-PM10-CA-AVG-0 
0.0E+00 25 1 1 1.0 25.0 #DIV/0! 

0.0E+00 25 4 6 1.5 37.5 #DIV/0! 

2-PM10-CA-AVG-0 
0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 8 2.0 50.0 #DIV/0! 

1-PM10-CA-AVG-0 
0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 6 1.5 37.5 #DIV/0! 

3-PM10-CA-AVG-30 
3.1E+01 25 1 1 1.0 25.0 80.6 

3.1E+01 25 4 6 1.5 37.5 121.0 

4-PM10-CA-AVG-30 
3.1E+01 25 1 3 3.0 75.0 241.9 

3.1E+01 25 4 7 1.8 43.8 141.1 

3-PM10-CA-AVG-30 
1.4E+01 25 1 3 3.0 75.0 535.7 

1.4E+01 25 4 4 1.0 25.0 178.6 

5-PM10-CA-AVG-
300 

3.1E+02 25 1 5 5.0 125.0 40.3 

3.1E+02 25 4 1 0.3 6.3 2.0 

6-PM10-CA-AVG-
300 

3.1E+02 25 1 2 2.0 50.0 16.1 

3.1E+02 25 4 7 1.8 43.8 14.1 

5-PM10-CA-AVG-
300 

1.4E+02 25 1 1 1.0 25.0 17.9 

1.4E+02 25 4 5 1.3 31.3 22.3 

7-PM10-CA-AVG-
3,000 

3.1E+03 25 1 9 9.0 225.0 7.3 

3.1E+03 25 4 17 4.3 106.3 3.4 

8-PM10-CA-AVG-
3,000 

3.1E+03 25 1 16 16.0 400.0 12.9 

3.1E+03 25 4 25 6.3 156.3 5.0 

7-PM10-CA-AVG-
3000 

1.4E+03 25 1 6 6.0 150.0 10.7 

1.4E+03 25 4 23 5.8 143.8 10.3 

Use values highlighted in green for reporting. 

B. a. Sterne morphology present on zero spike sample 
1 Actual number of B. a. Sterne spores spiked onto filter based on spiking suspension titer and volume of suspension applied. 

  



EPA/600/R-19/082  
10/8/2019 

I-13 

PM10 California High 

Sample ID Spore 
Load1 

Extraction 
Volume 

(mL) 

Volume 
in Filter 

Cup 
(mL) 

Plate 
Counts 
(CFU) 

Average Sample 
Concentration Percent 

Recovery 
CFU/mL Total CFU 

9-PM10-CA-High-0 
0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 3 0.8 18.8 #DIV/0! 

10-PM10-CA-High-0 
0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

2-PM10-CA-HIGH-0 
0.0E+00 25 1 3 3.0 75.0 #DIV/0! 

0.0E+00 25 4 6 1.5 37.5 #DIV/0! 

11-PM10-CA-High-30 
3.1E+01 25 1 2 2.0 50.0 161.3 

3.1E+01 25 4 4 1.0 25.0 80.6 

12-PM10-CA-High-30 
3.1E+01 25 1 0 0.0 0.0 0.0 

3.1E+01 25 4 2 0.5 12.5 40.3 

4-PM10-CA-HIGH-30 
1.4E+01 25 1 0 0.0 0.0 0.0 

1.4E+01 25 4 1 0.3 6.3 44.6 

13-PM10-CA-High-
300 

3.1E+02 25 1 2 2.0 50.0 16.1 

3.1E+02 25 4 5 1.3 31.3 10.1 

14-PM10-CA-High-
300 

3.1E+02 25 1 2 2.0 50.0 16.1 

3.1E+02 25 4 0 0.0 0.0 0.0 

6-PM10-CA-HIGH-
300 

1.4E+02 25 1 0 0.0 0.0 0.0 

1.4E+02 25 4 9 2.3 56.3 40.2 

15-PM10-CA-High-
3,000 

3.1E+03 25 1 9 9.0 225.0 7.3 

3.1E+03 25 4 21 5.3 131.3 4.2 

16-PM10-CA-High-
3,000 

3.1E+03 25 1 5 5.0 125.0 4.0 

3.1E+03 25 4 20 5.0 125.0 4.0 

8-PM10-CA-HIGH-
PVDF-3,000 

1.4E+03 25 1 3 3.0 75.0 5.4 

1.4E+03 25 4 16 4.0 100.0 7.1 

Use values highlighted in green for reporting. 

B. a. Sterne morphology present on zero spike sample 
1 Actual number of B. a. Sterne spores spiked onto filter based on spiking suspension titer and volume of suspension applied. 

  



EPA/600/R-19/082  
10/8/2019 

I-14 

PM10 New Hampshire Average 

Sample ID Spore 
Load1 

Extraction 
Volume 

(mL) 

Volume in 
Filter Cup 

(mL) 

Plate 
Counts 
(CFU) 

Average Sample 
Concentration Percent 

Recovery 
CFU/mL Total CFU 

1-PM10-NH-AVG-0 
0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

2-PM10-NH-AVG-0 
0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

9-PM10-NH-AVG-
PVDF-0 

0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

3-PM10-NH-AVG-30 
1.6E+01 25 1 0 0.0 0.0 0.0 

1.6E+01 25 4 0 0.0 0.0 0.0 

4-PM10-NH-AVG-30 
1.6E+01 25 1 0 0.0 0.0 0.0 

1.6E+01 25 4 0 0.0 0.0 0.0 

11-PM10-NH-AVG-
PVDF-30 

5.0E+01 25 1 1 1.0 25.0 49.7 

5.0E+01 25 4 0 0.0 0.0 0.0 

5-PM10-NH-AVG-
300 

1.6E+02 25 1 0 0.0 0.0 0.0 

1.6E+02 25 4 0 0.0 0.0 0.0 

6-PM10-NH-AVG-
300 

1.6E+02 25 1 1 1.0 25.0 15.6 

1.6E+02 25 4 0 0.0 0.0 0.0 

13-PM10-NH-AVG-
PVDF-300 

5.0E+02 25 1 2 2.0 50.0 9.9 

5.0E+02 25 4 2 0.5 12.5 2.5 

7-PM10-NH-AVG-
3000 

1.6E+03 25 1 9 9.0 225.0 14.1 

1.6E+03 25 4 23 5.8 143.8 9.0 

8-PM10-NH-AVG-
3,000 

1.6E+03 25 1 6 6.0 150.0 9.4 

1.6E+03 25 4 32 8.0 200.0 12.5 

15-PM10-NH-AVG-
PVDF-3,000 

5.0E+03 25 1 4 4.0 100.0 2.0 

5.0E+03 25 4 25 6.3 156.3 3.1 

Use values highlighted in green for reporting. 

2 distinct large growths covering the majority of the filter 
1 Actual number of B. a. Sterne spores spiked onto filter based on spiking suspension titer and volume of suspension applied. 

  



EPA/600/R-19/082  
10/8/2019 

I-15 

PM10 New Hampshire High 

Sample ID Spore 
Load1 

Extraction 
Volume 

(mL) 

Volume 
in Filter 

Cup 
(mL) 

Plate 
Counts 

(cfu) 

Average Sample 
Concentration Percent 

Recovery 
CFU/mL Total CFU 

9-PM10-NH-HIGH-0 
0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

10-PM10-NH-HIGH-0 
0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

10-PM10-NH-HIGH-
PVDF-0 

0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

11-PM10-NH-HIGH-30 
1.6E+01 25 1 0 0.0 0.0 0.0 

1.6E+01 25 4 0 0.0 0.0 0.0 

12-PM10-NH-HIGH-30 
1.6E+01 25 1 0 0.0 0.0 0.0 

1.6E+01 25 4 0 0.0 0.0 0.0 

12-PM10-NH-HIGH-
PVDF-30 

5.0E+01 25 1 0 0.0 0.0 0.0 

5.0E+01 25 4 0 0.0 0.0 0.0 

13-PM10-NH-HIGH-
300 

1.6E+02 25 1 0 0.0 0.0 0.0 

1.6E+02 25 4 1 0.3 6.3 3.9 

14-PM10-NH-HIGH-
300 

1.6E+02 25 1 0 0.0 0.0 0.0 

1.6E+02 25 4 2 0.5 12.5 7.8 

14-PM10-NH-HIGH-
PVDF-300 

5.0E+02 25 1 1 1.0 25.0 5.0 

5.0E+02 25 4 4 1.0 25.0 5.0 

15-PM10-NH-HIGH-
3,000 

1.6E+03 25 1 28 28.0 700.0 43.8 

1.6E+03 25 4 88 22.0 550.0 34.4 

16-PM10-NH-HIGH-
3,000 

1.6E+03 25 1 13 13.0 325.0 20.3 

1.6E+03 25 4 60 15.0 375.0 23.4 

16-PM10-NH-HIGH-
PVDF-3,000 

5.0E+03 25 1 4 4.0 100.0 2.0 

5.0E+03 25 4 30 7.5 187.5 3.7 

Use values highlighted in green for reporting. 
1 Actual number of B. a. Sterne spores spiked onto filter based on spiking suspension titer and volume of suspension applied. 

  



EPA/600/R-19/082  
10/8/2019 

I-16 

PM10 South Carolina Average 

Sample ID Spore Load1 
Extraction 

Volume 
(mL) 

Volume 
in Filter 

Cup 
(mL) 

Plate 
Counts 
(CFU) 

Average Sample 
Concentration Percent 

Recovery 
CFU/mL Total CFU 

1-PM10-SC-AVG-0 
0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

2-PM10-SC-AVG-0 
0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

1-PM10-SC-AVG-0 
0.0E+00 25 1 7 7.0 175.0 #DIV/0! 

0.0E+00 25 4 1 0.3 6.3 #DIV/0! 

3-PM10-SC-AVG-30 
2.7E+01 25 1 0 0.0 0.0 0.0 

2.7E+01 25 4 0 0.0 0.0 0.0 

4-PM10-SC-AVG-30 
2.7E+01 25 1 0 0.0 0.0 0.0 

2.7E+01 25 4 1 0.3 6.3 23.1 

3-PM10-SC-AVG-30 
2.9E+01 25 1 1 1.0 25.0 86.2 

2.9E+01 25 4 3 0.8 18.8 64.7 

5-PM10-SC-AVG-
300 

2.7E+02 25 1 1 1.0 25.0 9.3 

2.7E+02 25 4 7 1.8 43.8 16.2 

6-PM10-SC-AVG-
300 

2.7E+02 25 1 0 0.0 0.0 0.0 

2.7E+02 25 4 3 0.8 18.8 6.9 

5-PM10-SC-AVG-
300 

2.9E+02 25 1 1 1.0 25.0 8.6 

2.9E+02 25 4 3 0.8 18.8 6.5 

7-PM10-SC-AVG-
3,000 

2.7E+03 25 1 13 13.0 325.0 12.0 

2.7E+03 25 4 32 8.0 200.0 7.4 

8-PM10-SC-AVG-
3,000 

2.7E+03 25 1 11 11.0 275.0 10.2 

2.7E+03 25 4 31 7.8 193.8 7.2 

7-PM10-SC-AVG-
3,000 

2.9E+03 25 1 5 5.0 125.0 4.3 

2.9E+03 25 4 18 4.5 112.5 3.9 

Use values highlighted in green for reporting. 
1 Actual number of B. a. Sterne spores spiked onto filter based on spiking suspension titer and volume of suspension applied. 

  



EPA/600/R-19/082  
10/8/2019 

I-17 

PM10 South Carolina High 

Sample ID Spore 
Load1 

Extraction 
Volume 

(mL) 

Volume 
in Filter 

Cup 
(mL) 

Plate 
Counts 
(CFU) 

Average Sample 
Concentration Percent 

Recovery 
CFU/mL Total CFU 

9-PM10-SC-HIGH-0 
0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

10-PM10-SC-HIGH-0 
0.0E+00 25 1 2 2.0 50.0 #DIV/0! 

0.0E+00 25 4 1 0.3 6.3 #DIV/0! 

2-PM10-SC-HIGH-0 
0.0E+00 25 1 2 2.0 50.0 #DIV/0! 

0.0E+00 25 4 2 0.5 12.5 #DIV/0! 

11-PM10-SC-HIGH-
30 

2.7E+01 25 1 0 0.0 0.0 0.0 

2.7E+01 25 4 4 1.0 25.0 92.6 

12-PM10-SC-HIGH-
30 

2.7E+01 25 1 1 1.0 25.0 92.6 

2.7E+01 25 4 5 1.3 31.3 115.7 

4-PM10-SC-HIGH-30 
2.9E+01 25 1 0 0.0 0.0 0.0 

2.9E+01 25 4 3 0.8 18.8 64.7 

13-PM10-SC-HIGH-
300 

2.7E+02 25 1 2 2.0 50.0 18.5 

2.7E+02 25 4 7 1.8 43.8 16.2 

14-PM10-SC-HIGH-
300 

2.7E+02 25 1 0 0.0 0.0 0.0 

2.7E+02 25 4 3 0.8 18.8 6.9 

6-PM10-SC-HIGH-
300 

2.9E+02 25 1 1 1.0 25.0 8.6 

2.9E+02 25 4 7 1.8 43.8 15.1 

15-PM10-SC-HIGHF-
3,000 

2.7E+03 25 1 1 1.0 25.0 0.9 

2.7E+03 25 4 23 5.8 143.8 5.3 

16-PM10-SC-HIGH-
3,000 

2.7E+03 25 1 11 11.0 275.0 10.2 

2.7E+03 25 4 42 10.5 262.5 9.7 

8-PM10-SC-HIGH-
3,000 

2.9E+03 25 1 0 0.0 0.0 0.0 

2.9E+03 25 4 11 2.8 68.8 2.4 

Use values highlighted in green for reporting. 
1 Actual number of B. a. Sterne spores spiked onto filter based on spiking suspension titer and volume of suspension applied. 
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I-18 

PM10 Wisconsin Average 

Sample ID Spore Load1 
Extraction 

Volume 
(mL) 

Volume in 
Filter Cup 

(mL) 

Plate 
Counts 
(CFU) 

Average Sample 
Concentration Percent 

Recovery 
CFU/mL Total CFU 

2-PM10-
AVG-0 

0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

9-PM10-
AVG-0 

0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

10-PM10-
AVG-0 

0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

4-PM10-
AVG-30 

1.8E+01 25 1 0 0.0 0.0 0.0 

1.8E+01 25 4 0 0.0 0.0 0.0 

11-PM10-
AVG-30 

1.8E+01 25 1 0 0.0 0.0 0.0 

1.8E+01 25 4 0 0.0 0.0 0.0 

12-PM10-
AVG-30 

1.8E+01 25 1 0 0.0 0.0 0.0 

1.8E+01 25 4 0 0.0 0.0 0.0 

6-PM10-
AVG-300 

1.8E+02 25 1 2 2.0 50.0 27.8 

1.8E+02 25 4 2 0.5 12.5 6.9 

13-PM10-
AVG-300 

1.8E+02 25 1 2 2.0 50.0 27.8 

1.8E+02 25 4 3 0.8 18.8 10.4 

14-PM10-
AVG-300 

1.8E+02 25 1 0 0.0 0.0 0.0 

1.8E+02 25 4 6 1.5 37.5 20.8 

8-PM10-
AVG-3,000 

1.8E+03 25 1 5 5.0 125.0 6.9 

1.8E+03 25 4 14 3.5 87.5 4.9 

15-PM10-
AVG-3,000 

1.8E+03 25 1 2 2.0 50.0 2.8 

1.8E+03 25 4 17 4.3 106.3 5.9 

16-PM10-
AVG-3,000 

1.8E+03 25 1 15 15.0 375.0 20.8 

1.8E+03 25 4 55 13.8 343.8 19.1 

Use values highlighted in green for reporting. 

80% of plate Lawn 
1 Actual number of B. a. Sterne spores spiked onto filter based on spiking suspension titer and volume of suspension applied. 
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I-19 

PM10 Wisconsin High 

Sample ID Spore 
Load1 

Extraction 
Volume 

(mL) 

Volume in 
Filter Cup 

(mL) 

Plate 
Counts 
(CFU) 

Average Sample 
Concentration Percent 

Recovery 
CFU/mL Total CFU 

PM10HV-
High-N/A 0.0E+00 

25 1 0 0.0 0.0 N/A 

25 4 0 0.0 0.0 N/A 

PM10HV-
High-N/A 0.0E+00 

25 1 0 0.0 0.0 N/A 

25 4 0 0.0 0.0 N/A 

PM10HV-
High-N/A 0.0E+00 

25 1 0 0.0 0.0 N/A 

25 4 0 0.0 0.0 N/A 

PM10HV-
High-Blank 0.0E+00 

25 1 0 0.0 0.0 N/A 

25 4 0 0.0 0.0 N/A 

PM10HV-
High-Blank 0.0E+00 

25 1 0 0.0 0.0 N/A 

25 4 0 0.0 0.0 N/A 

PM10HV-
High-30 1.3E+01 

25 1 0 0.0 0.0 0.0 

25 4 0 0.0 0.0 0.0 

PM10HV-
High-30 1.3E+01 

25 1 0 0.0 0.0 0.0 

25 4 0 0.0 0.0 0.0 

PM10HV-
High-30 1.3E+01 

25 1 0 0.0 0.0 0.0 

25 4 1 0.3 6.3 48.1 

PM10HV-
High-30 9.0E+00 

25 1 0 0.0 0.0 0.0 

25 4 0 0.0 0.0 0.0 

PM10HV-
High-300 9.0E+01 

25 1 0 0.0 0.0 0.0 

25 4 0 0.0 0.0 0.0 

PM10HV-
High-300 9.0E+01 

25 1 1 1.0 25.0 27.8 

25 4 4 1.0 25.0 27.8 

7-PM10-
High-300 

1.8E+02 25 1 0 0.0 0.0 0.0 

1.8E+02 25 4 0 0.0 0.0 0.0 

PM10HV-
High-3,000 1.3E+03 

25 1 5 5.0 125.0 9.6 

25 4 12 3.0 75.0 5.8 

PM10HV-
High-3,000 1.3E+03 

25 1 5 5.0 125.0 9.6 

25 4 16 4.0 100.0 7.7 
14-PM10-
WI-HIGH-

3000 

2.9E+03 25 1 4 4.0 100.0 3.4 

2.9E+03 25 4 10 2.5 62.5 2.2 

Use values highlighted in green for reporting. 
1 Actual number of B. a. Sterne spores spiked onto filter based on spiking suspension titer and volume of suspension applied. 
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APPENDIX J. CULTURE RESULTS FOR AIR QUALITY FILTERS USING 
MYP MEDIUM
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J-2 

July 10, 2017 Trial – PM10 Wisconsin Filters 

Sample ID Spore Load1 
Extraction 

Volume 
(mL) 

Volume in 
Filter Cup 

(mL) 

Plate 
Counts 
(CFU) 

Average Sample 
Concentration Percent 

Recovery 
CFU/mL Total CFU 

1-PM10HV-High-
N/A 0.0E+00 

25 1 0 0.0 0.0 N/A 

25 3 0 0.0 0.0 N/A 

2-PM10HV-High-
N/A 0.0E+00 

25 1 0 0.0 0.0 N/A 

25 4 0 0.0 0.0 N/A 

3-PM10HV-High-
N/A 0.0E+00 

25 1 0 0.0 0.0 N/A 

25 4 0 0.0 0.0 N/A 

4-PM10HV-High-
30 1.3E+01 

25 1 1 1.0 25.0 192.3 

25 4 0 0.0 0.0 0.0 

5-PM10HV-High-
30 1.3E+01 

25 1 0 0.0 0.0 0.0 

25 4 0 0.0 0.0 0.0 

6-PM10HV-High-
30 1.3E+01 

25 1 0 0.0 0.0 0.0 

25 4 0 0.0 0.0 0.0 

7-PM10HV-High-
3,000 1.3E+03 

25 1 5 5.0 125.0 9.6 

25 4 10 2.5 62.5 4.8 

8-PM10HV-High-
3,000 1.3E+03 

25 1 2 2.0 50.0 3.8 

25 4 5 1.3 31.3 2.4 

9-PM10HV-New-
3,000 1.3E+03 

25 1 1 1.0 25.0 1.9 
25 4 20 5.4 135.1 10.4 

10-PM10HV-New-
3,000 1.3E+03 

25 1 0 0.0 0.0 0.0 
25 4 20 5.3 131.6 10.1 

11-PM10HV-New-
3,000 1.3E+03 

25 1 3 3.0 75.0 5.8 
25 4 20 5.0 125.0 9.6 

Green highlighted cells are the values reported for percent recovery 
1 Actual number of B. a. Sterne spores spiked onto filter based on spiking suspension titer and volume of suspension applied. 
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J-3 

July 17, 2017 Trial – PM10 Wisconsin Filters 

Sample ID Spore 
Load1 

Extraction 
Volume 

(mL) 

Volume in 
Filter Cup 

(mL) 

Plate 
Counts 
(CFU) 

Average Sample 
Concentration 

Percent 
Recovery CFU/mL Total CFU 

1-PM10HV-
New-Blank 0.0E+00 

25 1 0 0.0 0.0 N/A 

25 4 0 0.0 0.0 N/A 

2-PM10HV-
New-Blank 0.0E+00 

25 1 0 0.0 0.0 N/A 

25 4 0 0.0 0.0 N/A 

3-PM10HV-
New-30 9.0E+00 

25 1 0 0.0 0.0 0.0 

25 4 0 0.0 0.0 0.0 

4-PM10HV-
New-30 9.0E+00 

25 1 0 0.0 0.0 0.0 

25 4 2 0.5 12.5 138.9 

5-PM10HV-
New-300 9.0E+01 

25 1 2 2.0 50.0 55.6 

25 4 4 1.0 25.0 27.8 

6-PM10HV-
New-300 9.0E+01 

25 1 0 0.0 0.0 0.0 

25 4 1 0.3 6.3 6.9 

7-PM10HV-
High-Blank 0.0E+00 

25 1 0 0.0 0.0 N/A 

25 4 0 0.0 0.0 N/A 

8-PM10HV-
High-Blank 0.0E+00 

25 1 0 0.0 0.0 N/A 

25 4 0 0.0 0.0 N/A 

9-PM10HV-
High-30 9.0E+00 

25 1 0 0.0 0.0 0.0 
25 4 0 0.0 0.0 0.0 

10-PM10HV-
High-30 9.0E+00 

25 1 0 0.0 0.0 0.0 
25 4 1 0.3 6.6 73.1 

11-PM10HV-
High-300 9.0E+01 

25 1 0 0.0 0.0 0.0 

25 4 0 0.0 0.0 0.0 

12-PM10HV-
High-300 9.0E+01 

25 1 2 2.0 50.0 55.6 

25 4 6 1.5 37.5 41.7 
Green highlighted cells are the values reported for percent recovery 
Spilled during spore recovery 

1 Actual number of B. a. Sterne spores spiked onto filter based on spiking suspension titer and volume of suspension applied. 
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APPENDIX K. CULTURE RESULTS FOR AIR QUALITY FILTERS 
USING BBCA MEDIUM 
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K-2 

April 9, 2018 Trial – PM10 California Filters 

Sample ID Spore 
Load1 

Extraction 
Volume 

(mL) 

Volume in 
Filter Cup 

(mL) 

Plate 
Counts 
(CFU) 

Average Sample 
Concentration Percent 

Recovery CFU/mL Total CFU 

PBST Neg. 0 
25 4 0 0.0 0.0 #DIV/0! 
25 4 0 0.0 0.0 #DIV/0! 

1-PM10-CA-AVG-0 
0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

2-PM10-CA-AVG-0 
0.0E+00 25 1 0 0.0 0.0 #DIV/0! 
0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

3-PM10-CA-AVG-
30 

3.1E+01 25 1 0 0.0 0.0 0.0 
3.1E+01 25 4 0 0.0 0.0 0.0 

4-PM10-CA-AVG-
30 

3.1E+01 25 1 0 0.0 0.0 0.0 

3.1E+01 25 4 0 0.0 0.0 0.0 

5-PM10-CA-AVG-
300 

3.1E+02 25 1 1 1.0 25.0 8.1 
3.1E+02 25 4 Lawn #VALUE! #VALUE! #VALUE! 

6-PM10-CA-AVG-
300 

3.1E+02 25 1 0 0.0 0.0 0.0 
3.1E+02 25 4 0 0.0 0.0 0.0 

7-PM10-CA-AVG-
3,000 

3.1E+03 25 1 0 0.0 0.0 0.0 

3.1E+03 25 4 1 0.3 6.3 0.2 

8-PM10-CA-AVG-
3,000 

3.1E+03 25 1 1 1.0 25.0 0.8 
3.1E+03 25 4 3 0.8 18.8 0.6 

9-PM10-CA-High-0 
0.0E+00 25 1 0 0.0 0.0 #DIV/0! 
0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

10-PM10-CA-High-
0 

0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

11-PM10-CA-High-
30 

3.1E+01 25 1 0 0.0 0.0 0.0 
3.1E+01 25 4 0 0.0 0.0 0.0 

12-PM10-CA-High-
30 

3.1E+01 25 1 0 0.0 0.0 0.0 
3.1E+01 25 4 0 0.0 0.0 0.0 

13-PM10-CA-High-
300 

3.1E+02 25 1 0 0.0 0.0 0.0 

3.1E+02 25 4 0 0.0 0.0 0.0 

14-PM10-CA-High-
300 

3.1E+02 25 1 1 1.0 25.0 8.1 
3.1E+02 25 4 2 0.5 12.5 4.0 

15-PM10-CA-High-
3,000 

3.1E+03 25 1 0 0.0 0.0 0.0 
3.1E+03 25 4 4 1.0 25.0 0.8 

16-PM10-CA-High-
3,000 

3.1E+03 25 1 0 0.0 0.0 0.0 

3.1E+03 25 4 3 0.8 18.8 0.6 
Use values highlighted in green for reporting 

1 Actual number of B. a. Sterne spores spiked onto filter based on spiking suspension titer and volume of suspension applied. 
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K-3 

April 16, 2018 Trial – PM2.5 Wisconsin Filters 

Sample ID Spore 
Load1 

Extraction 
Volume 

(mL) 

Volume in 
Filter Cup 

(mL) 

Plate 
Counts 
(CFU) 

Average Sample 
Concentration Percent 

Recovery CFU/mL Total CFU 

PBST Neg. 0 
25 4 0 0.0 0.0 #DIV/0! 

25 4 0 0.0 0.0 #DIV/0! 

1-PM2.5-WI-
AVG-0 

0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

2-PM2.5-WI-
AVG-0 

0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

3-PM2.5-WI-
AVG-30 

2.2E+01 25 1 0 0.0 0.0 0.0 

2.2E+01 25 4 0 0.0 0.0 0.0 

4-PM2.5-WI-
AVG-30 

2.2E+01 25 1 0 0.0 0.0 0.0 

2.2E+01 25 4 0 0.0 0.0 0.0 

5-PM2.5-WI-
AVG-300 

2.2E+02 25 1 0 0.0 0.0 0.0 

2.2E+02 25 4 3 0.8 18.8 8.5 

6-PM2.5-WI-
AVG-300 

2.2E+02 25 1 0 0.0 0.0 0.0 

2.2E+02 25 4 2 0.5 12.5 5.7 

7-PM2.5-WI-
AVG-3,000 

2.2E+03 25 1 8 8.0 200.0 9.1 
2.2E+03 25 4 26 6.5 162.5 7.4 

8-PM2.5-WI-
AVG-3,000 

2.2E+03 25 1 1 1.0 25.0 1.1 
2.2E+03 25 4 20 5.0 125.0 5.7 

9-PM2.5-WI-
High-0 

0.0E+00 25 1 0 0.0 0.0 #DIV/0! 
0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

10-PM2.5-WI-
High-0 

0.0E+00 25 1 0 0.0 0.0 #DIV/0! 
0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

11-PM2.5-WI-
High-30 

2.2E+01 25 1 0 0.0 0.0 0.0 
2.2E+01 25 4 0 0.0 0.0 0.0 

12-PM2.5-WI-
High-30 

2.2E+01 25 1 0 0.0 0.0 0.0 
2.2E+01 25 4 0 0.0 0.0 0.0 

13-PM2.5-WI-
High-300 

2.2E+02 25 1 1 1.0 25.0 11.4 
2.2E+02 25 4 3 0.8 18.8 8.5 

14-PM2.5-WI-
High-300 

2.2E+02 25 1 2 2.0 50.0 22.7 
2.2E+02 25 4 5 1.3 31.3 14.2 

15-PM2.5-WI-
High-3,000 

2.2E+03 25 1 12 12.0 300.0 13.6 
2.2E+03 25 4 37 9.3 231.3 10.5 

16-PM2.5-WI-
High-3,000 

2.2E+03 25 1 1 1.0 25.0 1.1 
2.2E+03 25 4 7 1.8 43.8 2.0 

Use values highlighted in green for reporting 
1 Actual number of B. a. Sterne spores spiked onto filter based on spiking suspension titer and volume of suspension applied. 
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APPENDIX L. RV-PCR RESULTS FOR AIR QUALITY FILTERS USING 
CHROMOSOMAL AND PXO1 GENE TARGETS 
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Trial Date Sample ID Spore 
Load1 

Chrom. 
Average 

Ct 

Chrom. 
Stnd 
Dev 

Chom. 
ΔCt 

Chrom. 
Result 

pXO1 
Average 

Ct 

pXO1 
Stnd 
Dev 

pXO1 
Chom. 
ΔCt 

pXO1 Chrom. 
Result 

07/10/17 
PM10 
Wisconsin 

1-PM10-WI-
High-0 T0 

0 45 0 10.7 Neg.* 39.3 1.4 5.8 Neg. 

1-PM10-WI-
High-0 Tf 

34.3 0.4 33.6 0.2 

2-PM10-WI-
High-0 T0 

0 45 0 13.1 Pos. 43.3 2.9 11.9 Pos. 

2-PM10-WI-
High-0 Tf 

31.9 0.1 31.4 0.1 

3-PM10-WI-
High-0 T0 

0 45 0 14.4 Pos. 43.5 2.7 13.3 Pos. 

3-PM10-WI-
High-0 Tf 

30.6 0.2 30.2 0 

1-PM10-WI-
High-30 T0 

13 45 0 22.7 Pos. 43.4 2.8 21.5 Pos. 

1-PM10-WI-
High-30 Tf 

22.3 0.1 21.9 0 

2-PM10-WI-
High-30 T0 

13 40.7 3.7 7 Neg. 39.3 2.6 6.4 Neg. 

2-PM10-WI-
High-30 Tf 

33.8 0.4 32.9 0 

3-PM10-WI-
High-30 T0 

13 44.7 0.5 10.5 Neg.* 39.3 0.5 6 Neg. 

3-PM10-WI-
High-30 Tf 

34.2 0.3 33.2 0.1 

1-PM10-WI-
High-3000 T0 

1,300 N/A N/A N/A N/A N/A N/A N/A N/A 

1-PM10-WI-
High-3000 Tf 

N/A N/A N/A N/A N/A N/A 

2-PM10-WI-
High-3000 T0 

1,300 45 0 27.4 Pos. 44.1 1.5 26.8 Pos. 

2-PM10-WI-
High-3000 Tf 

17.6 0 17.3 0 

3-PM10-WI-
High-3000 T0 

1,300 45 0 25.1 Pos. 45 0 25.3 Pos. 

3-PM10-WI-
High-3000 Tf 

19.9 0 19.7 0 

1-PM10-WI-
NEW-3000 
T0 

1,300 45 0 26.7 Pos. 45 0 26.9 Pos. 

1-PM10-WI-
NEW-3000 
Tf 

18.3 0 18.1 0 

2-PM10-WI-
NEW-3000 
T0 

1,300 45 0 26 Pos. 45 0 26.5 Pos. 

2-PM10-WI-
NEW-3000 
Tf 

19 0.1 18.5 0.1 

3-PM10-WI-
NEW-3000 
T0 

1,300 45 0 27 Pos. 44.7 0.5 26.9 Pos. 

3-PM10-WI-
NEW-3000 
Tf 

18 0 17.8 0.1 

07/17/17 
PM10 
Wisconsin 

1-PM10-WI-
NEW-0 (T0) 

0 45 0 8.1 Neg. 45 0 9.1 Neg.* 

1-PM10-WI-
NEW-0 (Tf) 

36.9 0.7 35.9 0.2 

2-PM10-WI-
NEW-0 (T0) 

0 45 0 N/A N/A 44.3 1.1 N/A N/A 

2-PM10-WI-
NEW-0 (Tf) 

N/A N/A N/A N/A N/A N/A N/A N/A 



EPA/600/R-19/082  
10/8/2019 

L-3 

Trial Date Sample ID Spore 
Load1 

Chrom. 
Average 

Ct 

Chrom. 
Stnd 
Dev 

Chom. 
ΔCt 

Chrom. 
Result 

pXO1 
Average 

Ct 

pXO1 
Stnd 
Dev 

pXO1 
Chom. 
ΔCt 

pXO1 Chrom. 
Result 

PM10-WI-
NEW-30 1 
(T0) 

9 42.8 3.8 6.7 Neg. 45 0 9.3 Neg.* 

PM10-WI-
NEW-30 1 
(Tf) 

36.1 0.2 35.7 0.2 

PM10-WI-
NEW-30 2 
(T0) 

9 45 0 8.5 Neg. 45 0 9.3 Neg.* 

PM10-WI-
NEW-30 2 
(Tf) 

36.5 0.3 35.7 0.7 

PM10-WI-
NEW-300 1 
(T0) 

90 42.9 3.7 25.5 Pos. 40.1 1.2 22.9 Pos. 

PM10-WI-
NEW-300 1 
(Tf) 

17.4 0 17.2 0 

PM10-WI-
NEW-300 2 
(T0) 

90 45 0 27.6 Pos. 45 0 28 Pos. 

PM10-WI-
NEW-300 2 
(Tf) 

17.4 0 17 0 

PM10-WI-
HIGH-0 1 
(T0) 

0 42.4 4.4 10.8 Pos. 40.2 4.2 9.2 Pos. 

PM10-WI-
HIGH-0 1 
(Tf) 

31.7 0.1 31 0.1 

PM10-WI-
HIGH-0 2 
(T0) 

0 45 0 11.7 Pos. 43.3 2.9 10.7 Pos. 

PM10-WI-
HIGH-0 2 
(Tf) 

33.3 0.1 32.6 0.2 

PM10-WI-
HIGH-30 1 
(T0) 

9 45 0 25.8 Pos. 41.1 3.4 22.3 Pos. 

PM10-WI-
HIGH-30 1 
(Tf) 

19.2 0 18.8 0 

PM10-WI-
HIGH-300 1 
(T0) 

90 45 0 21.1 Pos. 44.8 0.3 21.7 Pos. 

PM10-WI-
HIGH-300 1 
(Tf) 

23.9 0 23.1 0 

PM10-WI-
HIGH-300 2 
(T0) 

90 45 0 28.1 Pos. 44.7 0.6 28.1 Pos. 

PM10-WI-
HIGH-300 2 
(Tf) 

16.9 0 16.6 0 

10/09/17 
PM10 
Wisconsin 

1-PM10-
NEW-0 T0 

0 45 0 0 Neg. 45 0 0 Neg. 

1-PM10-
NEW-0 Tf 

45 0 45 0 

2-PM10-
AVG-0 T0 

0 45 0 0 Neg. 44.9 0.2 -0.1 Neg. 

2-PM10-
AVG-0 Tf 

45 0 45 0 

3-PM10-
NEW-30 T0 

18 45 0 27.8 Pos. 45 0 27.9 Pos. 



EPA/600/R-19/082  
10/8/2019 

L-4 

Trial Date Sample ID Spore 
Load1 

Chrom. 
Average 

Ct 

Chrom. 
Stnd 
Dev 

Chom. 
ΔCt 

Chrom. 
Result 

pXO1 
Average 

Ct 

pXO1 
Stnd 
Dev 

pXO1 
Chom. 
ΔCt 

pXO1 Chrom. 
Result 

3-PM10-
NEW-30 Tf 

17.2 0.1 17.1 0 

4-PM10-
AVG-30 T0 

18 45 0 22.4 Pos. 45 0 22.9 Pos. 

4-PM10-
AVG-30 Tf 

22.6 0 22.1 0 

5-PM10-
NEW-300 T0 

180 45 0 27.2 Pos. 45 0 27.5 Pos. 

5-PM10-
NEW-300 Tf 

17.8 0.1 17.5 0 

6-PM10-
AVG-300 T0 

180 45 0 24.5 Pos. 45 0 25.1 Pos. 

6-PM10-
AVG-300 Tf 

20.5 0 19.9 0 

7-PM10-
High-300 T0 

180 45 0 20.6 Pos. 45 0 21.1 Pos. 

7-PM10-
High-300 Tf 

24.4 0.1 23.9 0 

8-PM10-
AVG-3,000 
T0 

1,800 45 0 26.7 Pos. 45 0 27.1 Pos. 

8-PM10-
AVG-3,000 
Tf 

18.3 0 17.9 0 

9-PM10-
AVG-0 T0 

0 45 0 0 Neg. 45 0 0 Neg. 

9-PM10-
AVG-0 Tf 

45 0 45 0 

10-PM10-
AVG-0 T0 

0 45 0 0 Neg. 45 0 0 Neg. 

10-PM10-
AVG-0 Tf 

45 0 45 0 

11-PM10-
AVG-30 T0 

18 45 0 2.1 Neg. 45 0 8.6 Neg. 

11-PM10-
AVG-30 Tf 

42.9 3.6 36.4 0.4 

12-PM10-
AVG-30 T0 

18 45 0 19.1 Pos. 45 0 19.6 Pos. 

12-PM10-
AVG-30 Tf 

25.9 0 25.4 0 

13-PM10-
AVG-300 T0 

180 45 0 22.6 Pos. 45 0 23 Pos. 

13-PM10-
AVG-300 Tf 

22.4 0 22 0.1 

14-PM10-
AVG-300 T0 

180 45 0 24.8 Pos. 45 0 25.6 Pos. 

14-PM10-
AVG-300 Tf 

20.2 0 19.4 0 

15-PM10-
AVG-3,000 
T0 

1,800 45 0 26.7 Pos. 45 0 27.3 Pos. 

15-PM10-
AVG-3,000 
Tf 

18.3 0 17.7 0 

16-PM10-
AVG-3,000 
T0 

1,800 45 0 29.2 Pos. 45 0 29.8 Pos. 

16-PM10-
AVG-3,000 
Tf 

15.8 0 15.2 0 

10/16/17 
PM2.5 
Florida 

1-PM2.5-FL-
AVG -0 T0 

0 45 0 0 Neg. 45 0 0 Neg. 

1-PM2.5-FL-
AVG -0 Tf 

45 0 45 0 



EPA/600/R-19/082  
10/8/2019 

L-5 

Trial Date Sample ID Spore 
Load1 

Chrom. 
Average 

Ct 

Chrom. 
Stnd 
Dev 

Chom. 
ΔCt 

Chrom. 
Result 

pXO1 
Average 

Ct 

pXO1 
Stnd 
Dev 

pXO1 
Chom. 
ΔCt 

pXO1 Chrom. 
Result 

2-PM2.5-FL-
AVG -0 T0 

0 45 0 2.2 Neg. 45 0 0.1 Neg. 

2-PM2.5-FL-
AVG -0 Tf 

42.8 3.9 44.9 0.2 

3-PM2.5-FL-
AVG -30 T0 

20 45 0 27.8 Pos. 45 0 28 Pos. 

3-PM2.5-FL-
AVG -30 Tf 

17.2 0 17 0 

4-PM2.5-FL-
AVG -30 T0 

20 45 0 28.5 Pos. 45 0 28.8 Pos. 

4-PM2.5-FL-
AVG -30 Tf 

16.5 0.1 16.2 0.1 

5-PM2.5-FL-
AVG -300 T0 

200 45 0 28.2 Pos. 45 0 28.4 Pos. 

5-PM2.5-FL-
AVG -300 Tf 

16.8 0.1 16.6 0 

6-PM2.5- FL-
AVG -300 T0 

200 45 0 28.2 Pos. 45 0 28.5 Pos. 

6-PM2.5- FL-
AVG -300 Tf 

16.8 0 16.5 0 

7-PM2.5-FL-
AVG -3,000 
T0 

2,000 45 0 27.5 Pos. 45 0 27.8 Pos. 

7-PM2.5-FL-
AVG -3,000 
Tf 

17.5 0 17.2 0 

8-PM2.5-FL-
AVG -3,000 
T0 

2,000 45 0 27.8 Pos. 45 0 28.2 Pos. 

8-PM2.5-FL-
AVG -3,000 
Tf 

17.2 0 16.8 0 

9-PM2.5-FL-
HIGH-0 T0 

0 45 0 0 Neg. 45 0 0 Neg. 

9-PM2.5-FL-
HIGH-0 Tf 

45 0 45 0 

10-PM2.5-
FL-HIGH -0 
T0 

0 45 0 0 Neg. 45 0 0 Neg. 

10-PM2.5-
FL-HIGH -0 
Tf 

45 0 45 0 

11-PM2.5-
FL-HIGH -30 
T0 

20 45 0 28.8 Pos. 45 0 28.8 Pos. 

11-PM2.5-
FL-HIGH -30 
Tf 

16.2 0.1 16.2 0 

12-PM2.5-
FL-HIGH -30 
T0 

20 45 0 0 Neg. 45 0 0 Neg. 

12-PM2.5-
FL-HIGH -30 
Tf 

45 0 45 0 

13-PM2.5-
FL-HIGH -
300 T0 

200 45 0 29.4 Pos. 45 0 29.6 Pos. 

13-PM2.5-
FL-HIGH -
300 Tf 

15.6 0 15.4 0 

14-PM2.5-
FL-HIGH -
300 T0 

200 45 0 28.2 Pos. 45 0 28.5 Pos. 



EPA/600/R-19/082  
10/8/2019 

L-6 

Trial Date Sample ID Spore 
Load1 

Chrom. 
Average 

Ct 

Chrom. 
Stnd 
Dev 

Chom. 
ΔCt 

Chrom. 
Result 

pXO1 
Average 

Ct 

pXO1 
Stnd 
Dev 

pXO1 
Chom. 
ΔCt 

pXO1 Chrom. 
Result 

14-PM2.5-
FL-HIGH -
300 Tf 

16.8 0.1 16.5 0 

15-PM2.5-
FL-HIGH -
3,000 T0 

2,000 45 0 27.8 Pos. 45 0 28.1 Pos. 

15-PM2.5-
FL-HIGH -
3,000 Tf 

17.2 0 16.9 0 

16-PM2.5-
FL-HIGH -
3,000 T0 

2,000 45 0 27.9 Pos. 45 0 28.2 Pos. 

16-PM2.5-
FL-HIGH -
3,000 Tf 

17.1 0 16.8 0 

10/23/17 
PM10 New 
Hampshire 

1-PM10-NH-
AVG-0 T0 

0 45 0 0 Neg. 45 0 0.7 Neg. 

1-PM10-NH-
AVG-0 Tf 

45 0 44.3 1.1 

2-PM10-NH-
AVG-0 T0 

0 45 0 5 Neg. 45 0 8.8 Neg. 

2-PM10-NH-
AVG-0 Tf 

40 4.4 36.2 0.6 

3-PM10-NH-
AVG-30 T0 

16 45 0 27.9 Pos. 45 0 28 Pos. 

3-PM10-NH-
AVG-30 Tf 

17.1 0 17 0 

4-PM10-NH-
AVG-30 T0 

16 45 0 8.8 Neg. 45 0 9.7 Neg.* 

4-PM10-NH-
AVG-30 Tf 

36.2 0.4 35.3 0.2 

5-PM10-NH-
AVG-300 T0 

160 45 0 27.2 Pos. 45 0 27.5 Pos. 

5-PM10-NH-
AVG-300 Tf 

17.8 0.1 17.5 0 

6-PM10-NH-
AVG-300 T0 

160 45 0 27.5 Pos. 45 0 27.7 Pos. 

6-PM10-NH-
AVG-300 Tf 

17.5 0 17.3 0 

7-PM10-NH-
AVG-3,000 
T0 

1,600 44.5 0.8 27.7 Pos. 45 0 28.3 Pos. 

7-PM10-NH-
AVG-3,000 
Tf 

16.8 0.1 16.7 0 

8-PM10-NH-
AVG-3,000 
T0 

1,600 45 0 27.5 Pos. 45 0 27.6 Pos. 

8-PM10-NH-
AVG-3,000 
Tf 

17.5 0.1 17.4 0 

9-PM10-NH-
HIGH-0 T0 

0 45 0 0 Neg. 45 0 0 Neg. 

9-PM10-NH-
HIGH-0 Tf 

45 0 45 0 

10-PM10-
NH-HIGH-0 
T0 

0 45 0 0 Neg. 45 0 0 Neg. 

10-PM10-
NH-HIGH-0 
Tf 

45 0 45 0 

11-PM10-
NH-HIGH-30 
T0 

16 45 0 10.9 Pos. 45 0 11.7 Pos. 



EPA/600/R-19/082  
10/8/2019 

L-7 

Trial Date Sample ID Spore 
Load1 

Chrom. 
Average 

Ct 

Chrom. 
Stnd 
Dev 

Chom. 
ΔCt 

Chrom. 
Result 

pXO1 
Average 

Ct 

pXO1 
Stnd 
Dev 

pXO1 
Chom. 
ΔCt 

pXO1 Chrom. 
Result 

11-PM10-
NH-HIGH-30 
Tf 

34.1 0.5 33.3 0 

12-PM10-
NH-HIGH-30 
T0 

16 45 0 4.3 Neg. 45 0 8.1 Neg. 

12-PM10-
NH-HIGH-30 
Tf 

40.7 3.7 36.9 0.5 

13-PM10-
NH-HIGH-
300 T0 

160 45 0 27.5 Pos. 45 0 27.5 Pos. 

13-PM10-
NH-HIGH-
300 Tf 

17.5 0.1 17.5 0 

14-PM10-
NH-HIGH-
300 T0 

160 45 0 27 Pos. 45 0 27.1 Pos. 

14-PM10-
NH-HIGH-
300 Tf 

18 0 17.9 0 

15-PM10-
NH-HIGH-
3,000 T0 

1,600 45 0 25.1 Pos. 45 0 25.4 Pos. 

15-PM10-
NH-HIGH-
3,000 Tf 

19.9 0 19.6 0 

16-PM10-
NH-HIGH-
3,000 T0 

1,600 45 0 26.8 Pos. 45 0 27 Pos. 

16-PM10-
NH-HIGH-
3,000 Tf 

18.2 0.3 18 0 

10/30/17 
PM2.5 
Arizona 

1-PM2.5-NA-
New-0 T0 

0 45 0 0 Neg. 42.7 3.9 -2.3 Neg. 

1-PM2.5-NA-
New-0 Tf 

45 0 45 0 

2-PM2.5-AZ-
AVG-0 T0 

0 45 0 0 Neg. 45 0 0 Neg. 

2-PM2.5-AZ-
AVG-0 Tf 

45 0 45 0 

3-PM2.5-NA-
New-30 T0 

15 45 0 28 Pos. 45 0 27.9 Pos. 

3-PM2.5-NA-
New-30 Tf 

17 0.1 17.1 0 

4-PM2.5-AZ-
AVG-30 T0 

15 45 0 27.6 Pos. 45 0 28 Pos. 

4-PM2.5-AZ-
AVG-30 Tf 

17.4 0 17 0 

5-PM2.5-NA-
New-300 T0 

150 45 0 27.9 Pos. 45 0 27.9 Pos. 

5-PM2.5-NA-
New-300 Tf 

17.1 0 17.1 0 

6-PM2.5-AZ-
AVG-300 T0 

150 45 0 27.1 Pos. 45 0 27.5 Pos. 

6-PM2.5-AZ-
AVG-300 Tf 

17.9 0 17.5 0 

7-PM2.5-NA-
New-3,000 
T0 

1,500 45 0 27.1 Pos. 45 0 27.2 Pos. 

7-PM2.5-NA-
New-3,000 Tf 

17.9 0 17.8 0.1 



EPA/600/R-19/082  
10/8/2019 

L-8 

Trial Date Sample ID Spore 
Load1 

Chrom. 
Average 

Ct 

Chrom. 
Stnd 
Dev 

Chom. 
ΔCt 

Chrom. 
Result 

pXO1 
Average 

Ct 

pXO1 
Stnd 
Dev 

pXO1 
Chom. 
ΔCt 

pXO1 Chrom. 
Result 

8-PM2.5-AZ-
AVG-3,000 
T0 

1,500 45 0 28.1 Pos. 45 0 28.6 Pos. 

8-PM2.5-AZ-
AVG-3,000 
Tf 

16.9 0 16.4 0 

9-PM2.5-AZ-
High-0 T0 

0 45 0 0 Neg. 45 0 0 Neg. 

9-PM2.5-AZ-
High-0 Tf 

45 0 45 0 

10-PM2.5-
AZ-High-0 
T0 

0 45 0 0 Neg. 45 0 0 Neg. 

10-PM2.5-
AZ-High-0 Tf 

45 0 45 0 

11-PM2.5-
AZ-High-30 
T0 

15 45 0 28.5 Pos. 45 0 28.3 Pos. 

11-PM2.5-
AZ-High-30 
Tf 

16.5 0.1 16.7 0 

12-PM2.5-
AZ-High-30 
T0 

15 45 0 27.9 Pos. 45 0 28 Pos. 

12-PM2.5-
AZ-High-30 
Tf 

17.1 0 17 0 

13-PM2.5-
AZ-High-300 
T0 

150 45 0 27.3 Pos. 45 0 27.3 Pos. 

13-PM2.5-
AZ-High-300 
Tf 

17.7 0.1 17.7 0 

14-PM2.5-
AZ-High-300 
T0 

150 45 0 27.1 Pos. 45 0 27.2 Pos. 

14-PM2.5-
AZ-High-300 
Tf 

17.9 0 17.8 0 

15-PM2.5-
AZ-High-
3,000 T0 

1,500 45 0 27.1 Pos. 45 0 27.3 Pos. 

15-PM2.5-
AZ-High-
3,000 Tf 

17.9 0.1 17.7 0 

16-PM2.5-
AZ-High-
3,000 T0 

1,500 45 0 27.1 Pos. 45 0 27.6 Pos. 

16-PM2.5-
AZ-High-
3,000 Tf 

17.9 0 17.4 0 

03/26/18 
PM2.5 
Arizona 

1-PM2.5-AZ-
AVG-PES-0 
T0 

0 44.6 0.7 -0.4 Neg. 43.8 2 -1.2 Neg. 

1-PM2.5-AZ-
AVG-PES-0 
Tf 

45 0 45 0 

2-PM2.5-AZ-
AVG-PVDF-
0 T0 

0 45 0 0 Neg. 45 0 0 Neg. 

2-PM2.5-AZ-
AVG-PVDF-
0 Tf 

45 0 45 0 



EPA/600/R-19/082  
10/8/2019 

L-9 

Trial Date Sample ID Spore 
Load1 

Chrom. 
Average 

Ct 

Chrom. 
Stnd 
Dev 

Chom. 
ΔCt 

Chrom. 
Result 

pXO1 
Average 

Ct 

pXO1 
Stnd 
Dev 

pXO1 
Chom. 
ΔCt 

pXO1 Chrom. 
Result 

3-PM2.5-AZ-
AVG-PES-30 
T0 

23 43.7 2.2 25.8 Pos. 44.2 1.4 26.5 Pos. 

3-PM2.5-AZ-
AVG-PES-30 
Tf 

17.9 0.1 17.7 0 

4-PM2.5-AZ-
AVG-PVDF-
30 T0 

23 43.3 2.9 26 Pos. 38.2 0.2 21.3 Pos. 

4-PM2.5-AZ-
AVG-PVDF-
30 Tf 

17.3 0 16.9 0 

5-PM2.5-AZ-
AVG-PES-
300 T0 

230 43.4 2.7 26.2 Pos. 41.1 3.4 23.8 Pos. 

5-PM2.5-AZ-
AVG-PES-
300 Tf 

17.2 0 17.3 0 

6-PM2.5-AZ-
AVG-PVDF-
300 T0 

230 45 0 28.4 Pos. 39.3 1.2 23 Pos. 

6-PM2.5-AZ-
AVG-PVDF-
300 Tf 

16.6 0 16.3 0 

7-PM2.5-AZ-
AVG-PES-
3,000 T0 

2,300 45 0 27.2 Pos. 43.8 1.6 26.3 Pos. 

7-PM2.5-AZ-
AVG-PES-
3,000 Tf 

17.8 0 17.5 0 

8-PM2.5-AZ-
AVG-PVDF-
3,000 T0 

2,300 44 1.8 25.6 Pos. 41.3 3.2 23.4 Pos. 

8-PM2.5-AZ-
AVG-PVDF-
3,000 Tf 

18.3 0 17.9 0 

9-PM2.5-NA-
NEW-PES-0 
T0 

0 45 0 0 Neg. 45 0 0 Neg. 

9-PM2.5-NA-
NEW-PES-0 
Tf 

45 0 45 0 

10-PM2.5-
NA-NEW-
PVDF-0 T0 

0 45 0 0 Neg. 45 0 0 Neg. 

10-PM2.5-
NA-NEW-
PVDF-0 Tf 

45 0 45 0 

11-PM2.5-
NA-NEW-
PES-30 T0 

23 45 0 28.2 Pos. 45 0 28.1 Pos. 

11-PM2.5-
NA-NEW-
PES-30 Tf 

16.8 0 16.9 0 

12-PM2.5-
NA-NEW-
PVDF-30 T0 

23 45 0 27.5 Pos. 42.5 3.2 25.3 Pos. 

12-PM2.5-
NA-NEW-
PVDF-30 Tf 

17.5 0 17.2 0 

13-PM2.5-
NA-NEW-
PES-300 T0 

230 45 0 27.9 Pos. 45 0 27.8 Pos. 



EPA/600/R-19/082  
10/8/2019 

L-10 

Trial Date Sample ID Spore 
Load1 

Chrom. 
Average 

Ct 

Chrom. 
Stnd 
Dev 

Chom. 
ΔCt 

Chrom. 
Result 

pXO1 
Average 

Ct 

pXO1 
Stnd 
Dev 

pXO1 
Chom. 
ΔCt 

pXO1 Chrom. 
Result 

13-PM2.5-
NA-NEW-
PES-300 Tf 

17.1 0 17.2 0 

14-PM2.5-
NA-NEW-
PVDF-300 
T0 

230 45 0 26.6 Pos. 45 0 26.8 Pos. 

14-PM2.5-
NA-NEW-
PVDF-300 Tf 

18.4 0.1 18.2 0 

15-PM2.5-
NA-NEW-
PES-3,000 T0 

2,300 45 0 27.3 Pos. 45 0 27.5 Pos. 

15-PM2.5-
NA-NEW-
PES-3,000 Tf 

17.7 0.1 17.5 0 

16-PM2.5-
NA-NEW-
PVDF-3,000 
T0 

2,300 45 0 27 Pos. 45 0 27.5 Pos. 

16-PM2.5-
NA-NEW-
PVDF-3,000 
Tf 

18 0 17.5 0 

04/02/18 
PM2.5 FL & 
PM10 New 
Hampshire 

1-PM2.5-FL-
AVG-0 T0 

0 45 0 12.2 Pos. 45 0 12.8 Pos. 

1-PM2.5-FL-
AVG-0 Tf 

32.8 0.3 32.2 0.2 

2-PM2.5-FL-
High-0 T0 

0 45 0 11.6 Pos. 45 0 12.3 Pos. 

2-PM2.5-FL-
High-0 Tf 

33.4 0.1 32.7 0.1 

3-PM2.5-FL-
AVG-30 T0 

25 45 0 26.6 Pos. 45 0 26.8 Pos. 

3-PM2.5-FL-
AVG-30 Tf 

18.4 0.1 18.2 0.1 

4-PM2.5-FL-
High-30 T0 

25 45 0 26.1 Pos. 45 0 26.4 Pos. 

4-PM2.5-FL-
High-30 Tf 

18.9 0.1 18.6 0.1 

5-PM2.5-FL-
AVG-300 T0 

250 45 0 26.6 Pos. 45 0 26.9 Pos. 

5-PM2.5-FL-
AVG-300 Tf 

18.4 0 18.1 0 

6-PM2.5-FL-
HIGH-300 T0 

250 45 0 No Data No Data 45 0 No Data No Data 

6-PM2.5-FL-
HIGH-300 Tf 

No Data No Data No Data No Data 

7-PM2.5-FL-
AVG-3,000 
T0 

2,500 45 0 25.3 Pos. 45 0 25.4 Pos. 

7-PM2.5-FL-
AVG-3,000 
Tf 

19.7 0 19.6 0.1 

8-PM2.5-FL-
HIGH-3,000 
T0 

2,500 45 0 26.6 Pos. 45 0 27 Pos. 

8-PM2.5-FL-
HIGH-3,000 
Tf 

18.4 0 18 0 

9-PM10-NH-
AVG-0 T0 

0 45 0 0 Neg.  45 0 6.8 Neg. 

9-PM10-NH-
AVG-0 Tf 

45 0 38.2 0.2 
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L-11 

Trial Date Sample ID Spore 
Load1 

Chrom. 
Average 

Ct 

Chrom. 
Stnd 
Dev 

Chom. 
ΔCt 

Chrom. 
Result 

pXO1 
Average 

Ct 

pXO1 
Stnd 
Dev 

pXO1 
Chom. 
ΔCt 

pXO1 Chrom. 
Result 

10-PM10-
NH-HIGH-0 
T0 

0 45 0 0 Neg.  45 0 9.8 Neg. 
(chromosome 
assay ΔCt is 
negative) 10-PM10-

NH-HIGH-0 
Tf 

45 0 35.2 0.5 

11-PM10-
NH-AVG-30 
T0 

25 No Data No Data No Data No Data No Data No Data No Data No Data 

11-PM10-
NH-AVG-30 
Tf 

41.6 3.2 33.5 0.4 

12-PM10-
NH-HIGH-30 
T0 

25 45 0 27 Pos. 45 0 27.2 Pos. 

12-PM10-
NH-HIGH-30 
Tf 

18 0.1 17.8 0.1 

13-PM10-
NH-AVG-
300 T0 

250 45 0 25.3 Pos. 45 0 25.4 Pos. 

13-PM10-
NH-AVG-
300 Tf 

19.7 0.1 19.6 0.1 

14-PM10-
NH-HIGH-
300 T0 

250 45 0 22 Pos. 45 0 22.2 Pos. 

14-PM10-
NH-HIGH-
300 Tf 

23 0 22.8 0 

15-PM10-
NH-AVG-
3,000 T0 

2,500 45 0 27.4 Pos. 45 0 27.6 Pos. 

15-PM10-
NH-AVG-
3,000 Tf 

17.6 0 17.4 0 

16-PM10-
NH-HIGH-
3,000 T0 

2,500 45 0 25.5 Pos. 45 0 25.9 Pos. 

16-PM10-
NH-HIGH-
3,000 Tf 

19.5 0 19.1 0 

04/09/18 
PM10 
California 

1-PM10-CA-
AVG-0 T0 

0 45 0 0 Neg. 45 0 0 Neg. 

1-PM10-CA-
AVG-0 Tf 

45 0 45 0 

2-PM10-CA-
AVG-0 T0 

0 45 0 0 Neg. 45 0 0 Neg. 

2-PM10-CA-
AVG-0 Tf 

45 0 45 0 

3-PM10-CA-
AVG-30 T0 

16 44.9 0.2 29.5 Pos. 45 0 30.1 Pos. 

3-PM10-CA-
AVG-30 Tf 

15.4 0.1 14.9 0 

4-PM10-CA-
AVG-30 T0 

16 45 0 0 Neg. 45 0 0 Neg. 

4-PM10-CA-
AVG-30 Tf 

45 0 45 0 

5-PM10-CA-
AVG-300 T0 

160 45 0 23.3 Pos. 45 0 23.5 Pos. 

5-PM10-CA-
AVG-300 Tf 

21.7 0.1 21.5 0 

6-PM10-CA-
AVG-300 T0 

160 45 0 24.7 Pos. 45 0 25.4 Pos. 



EPA/600/R-19/082  
10/8/2019 

L-12 

Trial Date Sample ID Spore 
Load1 

Chrom. 
Average 

Ct 

Chrom. 
Stnd 
Dev 

Chom. 
ΔCt 

Chrom. 
Result 

pXO1 
Average 

Ct 

pXO1 
Stnd 
Dev 

pXO1 
Chom. 
ΔCt 

pXO1 Chrom. 
Result 

6-PM10-CA-
AVG-300 Tf 

20.3 0.1 19.6 0 

7-PM10-CA-
AVG-3,000 
T0 

1,600 45 0 22 Pos. 45 0 22.2 Pos. 

7-PM10-CA-
AVG-3,000 
Tf 

23 0 22.8 0.1 

8-PM10-CA-
AVG-3,000 
T0 

1,600 45 0 29.5 Pos. 45 0 30.1 Pos. 

8-PM10-CA-
AVG-3,000 
Tf 

15.5 0 14.9 0 

9-PM10-CA-
High-0 T0 

0 45 0 0 Neg. 45 0 0 Neg. 

9-PM10-CA-
High-0 Tf 

45 0 45 0 

10-PM10-
CA-High-0 
T0 

0 45 0 0 Neg. 45 0 1.7 Neg. 

10-PM10-
CA-High-0 
Tf 

45 0 43.3 2.8 

11-PM10-
CA-High-30 
T0 

16 45 0 5.1 Neg. 45 0 7.4 Neg. 

11-PM10-
CA-High-30 
Tf 

39.9 4.5 37.6 1.4 

12-PM10-
CA-High-30 
T0 

16 45 0 29.5 Pos. 45 0 29.9 Pos. 

12-PM10-
CA-High-30 
Tf 

15.5 0 15.1 0 

13-PM10-
CA-High-300 
T0 

160 45 0 28.9 Pos. 45 0 29.1 Pos. 

13-PM10-
CA-High-300 
Tf 

16.1 0 15.9 0 

14-PM10-
CA-High-300 
T0 

160 45 0 28 Pos. 45 0 28.2 Pos. 

14-PM10-
CA-High-300 
Tf 

17 0.1 16.8 0 

15-PM10-
CA-High-
3,000 T0 

1,600 45 0 28.7 Pos. 45 0.1 28.8 Pos. 

15-PM10-
CA-High-
3,000 Tf 

16.3 0.1 16.2 0 

16-PM10-
CA-High-
3,000 T0 

1,600 45 0 26.6 Pos. 45 0 27.4 Pos. 

16-PM10-
CA-High-
3,000 Tf 

18.4 0.1 17.6 0 

04/16/18 
PM2.5 WI 

1-PM2.5-WI-
AVG-0 T0 

0 45 0 0 Neg. 45 0 0 Neg. 

1-PM2.5-WI-
AVG-0 Tf 

45 0 45 0 



EPA/600/R-19/082  
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L-13 

Trial Date Sample ID Spore 
Load1 

Chrom. 
Average 

Ct 

Chrom. 
Stnd 
Dev 

Chom. 
ΔCt 

Chrom. 
Result 

pXO1 
Average 

Ct 

pXO1 
Stnd 
Dev 

pXO1 
Chom. 
ΔCt 

pXO1 Chrom. 
Result 

2-PM2.5-WI-
AVG-0 T0 

0 45 0 0 Neg. 45 0 0 Neg. 

2-PM2.5-WI-
AVG-0 Tf 

45 0 45 0 

3-PM2.5-WI-
AVG-30 T0 

22 45 0 #DIV/0! No Data 45 0 #DIV/0! No Data 

3-PM2.5-WI-
AVG-30 Tf 

#DIV/0! #DIV/0! #DIV/0! #DIV/0! 

4-PM2.5-WI-
AVG-30 T0 

22 45 0 27.96 Pos. 45 0 28.27 Pos. 

4-PM2.5-WI-
AVG-30 Tf 

17.04 0.05 16.73 0.01 

5-PM2.5-WI-
AVG-300 T0 

220 45 0 27.84 Pos. 45 0 28.02 Pos. 

5-PM2.5-WI-
AVG-300 Tf 

17.16 0.06 16.98 0.02 

6-PM2.5-WI-
AVG-300 T0 

220 45 0 27.81 Pos. 45 0 28.04 Pos. 

6-PM2.5-WI-
AVG-300 Tf 

17.19 0.09 16.96 0.05 

7-PM2.5-WI-
AVG-3,000 
T0 

2,200 45 0 27.6 Pos. 45 0 27.84 Pos. 

7-PM2.5-WI-
AVG-3,000 
Tf 

17.4 0.06 17.16 0.02 

8-PM2.5-WI-
AVG-3,000 
T0 

2,200 45 0 27.69 Pos. 45 0 28.02 Pos. 

8-PM2.5-WI-
AVG-3,000 
Tf 

17.31 0.04 16.98 0.03 

9-PM2.5-WI-
High-0 T0 

0 45 0 0 Neg. 45 0 0 Neg. 

9-PM2.5-WI-
High-0 Tf 

45 0 45 0 

10-PM2.5-
WI-High-0 
T0 

0 45 0 0 Neg. 45 0 0 Neg. 

10-PM2.5-
WI-High-0 Tf 

45 0 45 0 

11-PM2.5-
WI-High-30 
T0 

22 45 0 28 Pos. 45 0 28.3 Pos. 

11-PM2.5-
WI-High-30 
Tf 

17 0.03 16.7 0.05 

12-PM2.5-
WI-High-30 
T0 

22 45 0 28.55 Pos. 45 0 28.85 Pos. 

12-PM2.5-
WI-High-30 
Tf 

16.45 0.01 16.15 0.03 

13-PM2.5-
WI-High-300 
T0 

220 45 0 #DIV/0! No Data 45 0 #DIV/0! No Data 

13-PM2.5-
WI-High-300 
Tf 

#DIV/0! #DIV/0! #DIV/0! #DIV/0! 

14-PM2.5-
WI-High-300 
T0 

220 45 0 28.07 Pos. 45 0 28.47 Pos. 



EPA/600/R-19/082  
10/8/2019 

L-14 

Trial Date Sample ID Spore 
Load1 

Chrom. 
Average 

Ct 

Chrom. 
Stnd 
Dev 

Chom. 
ΔCt 

Chrom. 
Result 

pXO1 
Average 

Ct 

pXO1 
Stnd 
Dev 

pXO1 
Chom. 
ΔCt 

pXO1 Chrom. 
Result 

14-PM2.5-
WI-High-300 
Tf 

16.93 0.06 16.53 0.06 

15-PM2.5-
WI-High-
3,000 T0 

2,200 45 0 27.61 Pos. 45 0 28 Pos. 

15-PM2.5-
WI-High-
3,000 Tf 

17.39 0.04 17 0.03 

16-PM2.5-
WI-High-
3,000 T0 

2,200 45 0 #DIV/0! No Data 45 0 #DIV/0! No Data 

16-PM2.5-
WI-High-
3,000 Tf 

#DIV/0! #DIV/0! #DIV/0! #DIV/0! 

04/30/18 
PM2.5 
Massachusetts 

1-PM2.5-
MA-AVG-0 
T0 

0 45 0 0 Neg. 45 0 0 Neg. 

1-PM2.5-
MA-AVG-0 
Tf 

45 0 45 0 

2-PM2.5-
MA-AVG-0 
T0 

0 45 0 0 Neg. 45 0 0 Neg. 

2-PM2.5-
MA-AVG-0 
Tf 

45 0 45 0 

3-PM2.5-
MA-AVG-30 
T0 

32 45 0 27.3 Pos. 45 0 27.6 Pos. 

3-PM2.5-
MA-AVG-30 
Tf 

17.7 0.1 17.4 0 

4-PM2.5-
MA-AVG-30 
T0 

32 45 0 27.5 Pos. 45 0 27.7 Pos. 

4-PM2.5-
MA-AVG-30 
Tf 

17.5 0 17.3 0 

5-PM2.5-
MA-AVG-
300 T0 

320 45 0 27.1 Pos. 45 0 27.2 Pos. 

5-PM2.5-
MA-AVG-
300 Tf 

17.9 0.1 17.8 0 

6-PM2.5-
MA-AVG-
300 T0 

320 45 0 27.1 Pos. 45 0 27.2 Pos. 

6-PM2.5-
MA-AVG-
300 Tf 

17.9 0 17.8 0 

7-PM2.5-
MA-AVG-
3,000 T0 

3,200 45 0 27.2 Pos. 45 0 27.4 Pos. 

7-PM2.5-
MA-AVG-
3,000 Tf 

17.8 0 17.6 0 

8-PM2.5-
MA-AVG-
3,000 T0 

3,200 45 0 26.6 Pos. 45 0 26.9 Pos. 

8-PM2.5-
MA-AVG-
3,000 Tf 

18.4 0 18.1 0 



EPA/600/R-19/082  
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L-15 

Trial Date Sample ID Spore 
Load1 

Chrom. 
Average 

Ct 

Chrom. 
Stnd 
Dev 

Chom. 
ΔCt 

Chrom. 
Result 

pXO1 
Average 

Ct 

pXO1 
Stnd 
Dev 

pXO1 
Chom. 
ΔCt 

pXO1 Chrom. 
Result 

9-PM2.5-
MA-High-0 
T0 

0 45 0 0 Neg. 45 0 0 Neg. 

9-PM2.5-
MA-High-0 
Tf 

45 0 45 0 

10-PM2.5-
MA-High-0 
T0 

0 45 0 0 Neg. 45 0 0 Neg. 

10-PM2.5-
MA-High-0 
Tf 

45 0 45 0 

11-PM2.5-
MA-High-30 
T0 

32 45 0 27.1 Pos. 45 0 27.2 Pos. 

11-PM2.5-
MA-High-30 
Tf 

17.9 0.1 17.8 0 

12-PM2.5-
MA-High-30 
T0 

32 45 0 28.2 Pos. 45 0 28.4 Pos. 

12-PM2.5-
MA-High-30 
Tf 

16.8 0 16.6 0 

13-PM2.5-
MA-High-
300 T0 

320 45 0 27.1 Pos. 45 0 27.5 Pos. 

13-PM2.5-
MA-High-
300 Tf 

17.9 0.1 17.5 0 

14-PM2.5-
MA-High-
300 T0 

320 45 0 27.8 Pos. 45 0 27.9 Pos. 

14-PM2.5-
MA-High-
300 Tf 

17.2 0 17.1 0 

15-PM2.5-
MA-High-
3,000 T0 

3,200 45 0 27.1 Pos. 45 0 27.6 Pos. 

15-PM2.5-
MA-High-
3,000 Tf 

17.9 0 17.4 0 

16-PM2.5-
MA-High-
3,000 T0 

3,200 45 0 27 Pos. 45 0 27.3 Pos. 

16-PM2.5-
MA-High-
3,000 Tf 

18 0.1 17.7 0 

05/07/18 
PM2.5 
Massachusets 
and 
Wisconsin 

1-PM2.5-
MA-AVG-0 
T0 

0 45 0 0 Neg. 45 0 0 Neg. 

1-PM2.5-
MA-AVG-0 
Tf 

45 0 45 0 

2-PM2.5-WI-
AVG-0 T0 

0 45 0 0 Neg. 45 0 0 Neg. 

2-PM2.5-WI-
AVG-0 Tf 

45 0 45 0 

3-PM2.5-
MA-AVG-30 
T0 

20 45 0 26.9 Pos. 45 0 26.9 Pos. 

3-PM2.5-
MA-AVG-30 
Tf 

18.1 0.1 18.1 0 



EPA/600/R-19/082  
10/8/2019 

L-16 

Trial Date Sample ID Spore 
Load1 

Chrom. 
Average 

Ct 

Chrom. 
Stnd 
Dev 

Chom. 
ΔCt 

Chrom. 
Result 

pXO1 
Average 

Ct 

pXO1 
Stnd 
Dev 

pXO1 
Chom. 
ΔCt 

pXO1 Chrom. 
Result 

4-PM2.5-WI-
AVG-30 T0 

20 45 0 28.9 Pos. 45 0 28.9 Pos. 

4-PM2.5-WI-
AVG-30 Tf 

16.1 0.1 16.1 0 

5-PM2.5-
MA-AVG-
300 T0 

200 45 0 27.9 Pos. 45 0 28 Pos. 

5-PM2.5-
MA-AVG-
300 Tf 

17.1 0.1 17 0 

6-PM2.5-WI-
AVG-300 T0 

200 45 0 29.1 Pos. 45 0 29.2 Pos. 

6-PM2.5-WI-
AVG-300 Tf 

15.9 0 15.8 0 

7-PM2.5-
MA-AVG-
3,000 T0 

2,000 45 0 28.6 Pos. 45 0 28.7 Pos. 

7-PM2.5-
MA-AVG-
3,000 Tf 

16.4 0.1 16.3 0 

8-PM2.5-WI-
AVG-3,000 
T0 

2,000 45 0 27.9 Pos. 45 0 28.1 Pos. 

8-PM2.5-WI-
AVG-3,000 
Tf 

17.1 0 16.9 0 

9-PM2.5-
MA-High-0 
T0 

0 45 0 0 Neg. 45 0 0 Neg. 

9-PM2.5-
MA-High-0 
Tf 

45 0 45 0 

10-PM2.5-
WI-High-0 
T0 

0 45 0 0 Neg. 45 0 0 Neg. 

10-PM2.5-
WI-High-0 Tf 

45 0 45 0 

11-PM2.5-
MA-High-30 
T0 

20 45 0 28.3 Pos. 45 0 28.3 Pos. 

11-PM2.5-
MA-High-30 
Tf 

16.7 0.1 16.7 0 

12-PM2.5-
WI-High-30 
T0 

20 45 0 26.8 Pos. 45 0 26.7 Pos. 

12-PM2.5-
WI-High-30 
Tf 

18.2 0 18.3 0 

13-PM2.5-
MA-High-
300 T0 

200 45 0 28.2 Pos. 45 0 28.2 Pos. 

13-PM2.5-
MA-High-
300 Tf 

16.8 0.1 16.8 0 

14-PM2.5-
WI-High-300 
T0 

200 45 0 27.8 Pos. 45 0 27.9 Pos. 

14-PM2.5-
WI-High-300 
Tf 

17.2 0 17.1 0 

15-PM2.5-
MA-High-
3,000 T0 

2,000 45 0 28.1 Pos. 45 0 28.1 Pos. 



EPA/600/R-19/082  
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L-17 

Trial Date Sample ID Spore 
Load1 

Chrom. 
Average 

Ct 

Chrom. 
Stnd 
Dev 

Chom. 
ΔCt 

Chrom. 
Result 

pXO1 
Average 

Ct 

pXO1 
Stnd 
Dev 

pXO1 
Chom. 
ΔCt 

pXO1 Chrom. 
Result 

15-PM2.5-
MA-High-
3,000 Tf 

16.9 0 16.9 0 

16-PM2.5-
WI-High-
3,000 T0 

2,000 45 0 27.7 Pos. 45 0 27.9 Pos. 

16-PM2.5-
WI-High-
3,000 Tf 

17.3 0 17.1 0 

05/14/18 
PM2.5 
Arizona, 
Florida, 
Wisconsin & 
PM10 
California 

1-PM10-CA-
AVG-0 T0 

0 45 0 0 Neg. 45 0 0 Neg. 

1-PM10-CA-
AVG-0 Tf 

45 0 45 0 

2-PM10-CA-
HIGH-0 T0 

0 45 0 0 Neg. 45 0 0 Neg. 

2-PM10-CA-
HIGH-0 Tf 

45 0 45 0 

3-PM10-CA-
AVG-30 T0 

14 45 0 0 Neg. 45 0 0 Neg. 

3-PM10-CA-
AVG-30 Tf 

45 0 45 0 

4-PM10-CA-
HIGH-30 T0 

14 45 0 0 Neg. 45 0 0 Neg. 

4-PM10-CA-
HIGH-30 Tf 

45 0 45 0 

5-PM10-CA-
AVG-300 T0 

140 45 0 21.2 Pos. 45 0 21.6 Pos. 

5-PM10-CA-
AVG-300 Tf 

23.8 0 23.4 0.1 

6-PM10-CA-
HIGH-300 T0 

140 45 0 22.5 Pos. 45 0 23.1 Pos. 

6-PM10-CA-
HIGH-300 Tf 

22.5 0 21.9 0 

7-PM10-CA-
AVG-3,000 
T0 

1,400 45 0 27.5 Pos. 45 0 27.8 Pos. 

7-PM10-CA-
AVG-3,000 
Tf 

17.5 0.1 17.2 0.1 

8-PM10-CA-
HIGH-3,000 
T0 

1,400 45 0 28.8 Pos. 45 0 29.1 Pos. 

8-PM10-CA-
HIGH-3,000 
Tf 

16.2 0.1 15.9 0.1 

9-PM2.5-AZ-
High-0 T0 

0 45 0 0 Neg. 45 0 0 Neg. 

9-PM2.5-AZ-
High-0 Tf 

45 0 45 0 

10-PM2.5-
AZ-High-30 
T0 

14 45 0 23.1 Pos. 45 0 23.1 Pos. 

10-PM2.5-
AZ-High-30 
Tf 

21.9 0 21.9 0 

11-PM2.5-
WI-AVG-30 
T0 

14 45 0 23.2 Pos. 45 0 23.1 Pos. 

11-PM2.5-
WI-AVG-30 
Tf 

21.8 0.1 21.9 0 

12-PM2.5-
AZ-HIGH-
300 T0 

140 45 0 28.7 Pos. 45 0 28.9 Pos. 
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10/8/2019 

L-18 

Trial Date Sample ID Spore 
Load1 

Chrom. 
Average 

Ct 

Chrom. 
Stnd 
Dev 

Chom. 
ΔCt 

Chrom. 
Result 

pXO1 
Average 

Ct 

pXO1 
Stnd 
Dev 

pXO1 
Chom. 
ΔCt 

pXO1 Chrom. 
Result 

12-PM2.5-
AZ-HIGH-
300 Tf 

16.3 0 16.1 0 

13-PM2.5-
FL-High-300 
T0 

140 45 0 28.6 Pos. 45 0 28.8 Pos. 

13-PM2.5-
FL-High-300 
Tf 

16.4 0 16.2 0 

14-PM2.5-
WI-High-300 
T0 

140 45 0 28.6 Pos. 45 0 28.7 Pos. 

14-PM2.5-
WI-High-300 
Tf 

16.4 0 16.3 0 

15-PM2.5-
AZ-High-
3,000 T0 

1,400 45 0 28.3 Pos. 45 0 28.8 Pos. 

15-PM2.5-
AZ-High-
3,000 Tf 

16.7 0.1 16.2 0.1 

16-PM2.5-
WI-High-
3,000 T0 

1,400 45 0 28.5 Pos. 45 0 28.8 Pos. 

16-PM2.5-
WI-High-
3,000 Tf 

16.5 0 16.2 0 

05/21/18 
PM10 South 
Carolina 

1-PM10-SC-
AVG-0 T0 

0 45 0 0 Neg. 45 0 0 Neg. 

1-PM10-SC-
AVG-0 Tf 

45 0 45 0 

2-PM10-SC-
AVG-0 T0 

0 45 0 0 Neg. 45 0 0 Neg. 

2-PM10-SC-
AVG-0 Tf 

45 0 45 0 

3-PM10-SC-
AVG-30 T0 

27 45 0 18.1 Pos. 45 0 18.2 Pos. 

3-PM10-SC-
AVG-30 Tf 

26.9 0.1 26.8 0 

4-PM10-SC-
AVG-30 T0 

27 45 0 23.3 Pos. 45 0 23.8 Pos. 

4-PM10-SC-
AVG-30 Tf 

21.7 0 21.2 0 

5-PM10-SC-
AVG-300 T0 

270 45 0 27.9 Pos. 45 0 28.1 Pos. 

5-PM10-SC-
AVG-300 Tf 

17.1 0.1 16.9 0 

6-PM10-SC-
AVG-300 T0 

270 45 0 28.6 Pos. 45 0 28.7 Pos. 

6-PM10-SC-
AVG-300 Tf 

16.4 0 16.3 0 

7-PM10-SC-
AVG-3,000 
T0 

2,700 45 0 28.7 Pos. 45 0 28.8 Pos. 

7-PM10-SC-
AVG-3,000 
Tf 

16.3 0.1 16.2 0.1 

8-PM10-SC-
AVG-3,000 
T0 

2,700 45 0 24.3 Pos. 45 0 24.7 Pos. 

8-PM10-SC-
AVG-3,000 
Tf 

20.7 0 20.3 0 
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L-19 

Trial Date Sample ID Spore 
Load1 

Chrom. 
Average 

Ct 

Chrom. 
Stnd 
Dev 

Chom. 
ΔCt 

Chrom. 
Result 

pXO1 
Average 

Ct 

pXO1 
Stnd 
Dev 

pXO1 
Chom. 
ΔCt 

pXO1 Chrom. 
Result 

9-PM10-SC-
High-0 T0 

0 45 0 0 Neg. 45 0 0 Neg. 

9-PM10-SC-
High-0 Tf 

45 0 45 0 

10-PM10-SC-
High-0 T0 

0 45 0 0 Neg. 45 0 0 Neg. 

10-PM10-SC-
High-0 Tf 

45 0 45 0 

11-PM10-SC-
High-30 T0 

27 45 0 16.9 Pos. 45 0 17.1 Pos. 

11-PM10-SC-
High-30 Tf 

28.1 0.1 27.9 0 

12-PM10-SC-
High-30 T0 

27 45 0 15.4 Pos. 45 0 15.6 Pos. 

12-PM10-SC-
High-30 Tf 

29.6 0.1 29.4 0.1 

13-PM10-SC-
High-300 T0 

270 45 0 25.4 Pos. 45 0 25.6 Pos. 

13-PM10-SC-
High-300 Tf 

19.6 0.1 19.4 0 

14-PM10-SC-
High-300 T0 

270 45 0 15.6 Pos. 45 0 15.9 Pos. 

14-PM10-SC-
High-300 Tf 

29.4 0.1 29.1 0 

15-PM10-SC-
High-3,000 
T0 

2,700 45 0 22.4 Pos. 45 0 22.9 Pos. 

15-PM10-SC-
High-3,000 
Tf 

22.6 0.3 22.1 0.1 

16-PM10-SC-
High-3,000 
T0 

2,700 45 0 23.6 Pos. 45 0 24 Pos. 

16-PM10-SC-
High-3,000 
Tf 

21.4 0 21 0 

05/28/18 
PM10 South 
Carolina and 
Various Filter 
types 

1-PM10-SC-
AVG-0 T0 

0 45 0 0 Neg. 45 0 0 Neg. 

1-PM10-SC-
AVG-0 Tf 

45 0 45 0 

2-PM10-SC-
HIGH-0 T0 

0 45 0 0 Neg. 45 0 0 Neg. 

2-PM10-SC-
HIGH-0 Tf 

45 0 45 0 

3-PM10-SC-
AVG-30 T0 

29 45 0 0 Neg. 45 0 0 Neg. 

3-PM10-SC-
AVG-30 Tf 

45 0 45 0 

4-PM10-SC-
HIGH-30 T0 

29 45 0 0 Neg. 45 0 0 Neg. 

4-PM10-SC-
HIGH-30 Tf 

45 0 45 0 

5-PM10-SC-
AVG-300 T0 

290 45 0 27.7 Pos. 45 0 27.9 Pos. 

5-PM10-SC-
AVG-300 Tf 

17.3 0.1 17.1 0 

6-PM10-SC-
HIGH-300 T0 

290 45 0 26.6 Pos. 45 0 26.9 Pos. 

6-PM10-SC-
HIGH-300 Tf 

18.4 0.1 18.1 0 

7-PM10-SC-
AVG-3,000 
T0 

2,900 45 0 22.1 Pos. 45 0 22.2 Pos. 
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L-20 

Trial Date Sample ID Spore 
Load1 

Chrom. 
Average 

Ct 

Chrom. 
Stnd 
Dev 

Chom. 
ΔCt 

Chrom. 
Result 

pXO1 
Average 

Ct 

pXO1 
Stnd 
Dev 

pXO1 
Chom. 
ΔCt 

pXO1 Chrom. 
Result 

7-PM10-SC-
AVG-3,000 
Tf 

22.9 0.1 22.8 0 

8-PM10-SC-
HIGH-3,000 
T0 

2,900 45 0 25.4 Pos. 45 0 25.6 Pos. 

8-PM10-SC-
HIGH-3,000 
Tf 

19.6 0 19.4 0 

9-PM10-N/A-
New-0 T0 

0 45 0 0 Neg. 45 0 0 Neg. 

9-PM10-N/A-
New-0 Tf 

45 0 45 0 

10-PM10-
NH-AVG-30 
T0 

29 45 0 28.7 Pos. 45 0 28.5 Pos. 

10-PM10-
NH-AVG-30 
Tf 

16.3 0.1 16.5 0.1 

14-PM10-
WI-High-
3,000 T0 

2,900 45 0 26.3 Pos. 45 0 26.7 Pos. 

14-PM10-
WI-High-
3,000 Tf 

18.7 0.1 18.7 0.1 

1 Actual number of B. a. Sterne spores spiked onto filter based on spiking suspension titer and volume of suspension applied. 

 



EPA/600/R-19/082  
10/8/2019 

M-1 

APPENDIX M. CULTURE RESULTS FOR NON-AIR QUALITY FILTERS 
USING SHEEP BLOOD AGAR MEDIUM



EPA/600/R-19/082  
10/8/2019 

M-2 

Bus Filter New 

Sample ID Spore Load1 
Extraction 

Volume 
(mL) 

Volume in 
Filter Cup 

(mL) 

Plate 
Counts 
(CFU) 

Average Sample 
Concentration Percent 

Recovery 
CFU/mL Total CFU 

Bus-New-
Blank 0.0E+00 

25 1 0 0.0 0.0 N/A 

25 4 0 0.0 0.0 N/A 

Bus-New-
Blank 0.0E+00 

25 1 0 0.0 0.0 N/A 

25 4 0 0.0 0.0 N/A 

Bus-New-
Blank 0.0E+00 

25 1 0 0.0 0.0 N/A 

25 4 0 0.0 0.0 N/A 

1-BUS-
NEW-0 

0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

2-BUS-
NEW-0 

0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

3-BUS-
NEW-30 

4.4E+01 25 1 1 1.0 25.0 56.8 

4.4E+01 25 4 0 0.0 0.0 0.0 

4-BUS-
NEW-30 

4.4E+01 25 1 0 0.0 0.0 0.0 

4.4E+01 25 4 1 0.3 6.3 14.2 

11-BUS-
NEW-30 

2.9E+01 25 1 0 0.0 0.0 0.0 

2.9E+01 25 4 0 0.0 0.0 0.0 

12-BUS-
NEW-300 

2.9E+02 25 1 0 0.0 0.0 0.0 

2.9E+02 25 4 1 0.3 6.3 2.2 

5-BUS-
NEW-300 

4.4E+02 25 1 0 0.0 0.0 0.0 

4.4E+02 25 4 3 0.8 18.8 4.3 

6-BUS-
NEW-300 

4.4E+02 25 1 1 1.0 25.0 5.7 

4.4E+02 25 4 8 2.0 50.0 11.4 

15-BUS-
NEW-3,000 

2.9E+03 25 1 14 14.0 350.0 12.1 

2.9E+03 25 4 28 7.0 175.0 6.0 

7-BUS-
NEW-3,000 

4.4E+03 25 1 13 13.0 325.0 7.4 

4.4E+03 25 4 24 6.0 150.0 3.4 

8-BUS-
NEW-3,000 

4.4E+03 25 1 15 15.0 375.0 8.5 

4.4E+03 25 4 46 11.5 287.5 6.5 

Use values highlighted in green for reporting. 
1 Actual number of B. a. Sterne spores spiked onto filter based on spiking suspension titer and volume of suspension applied. 

  



EPA/600/R-19/082  
10/8/2019 

M-3 

Bus Filters Mid 

Sample ID Spore Load1 
Extraction 

Volume 
(mL) 

Volume in 
Filter Cup 

(mL) 

Plate 
Counts 
(CFU) 

Average Sample 
Concentration Percent 

Recovery 
CFU/mL Total CFU 

1-BUS-
MID-0 

0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

2-BUS-
MID-0 

0.0E+00 25 1 1 1.0 25.0 #DIV/0! 

0.0E+00 25 4 1 0.3 6.3 #DIV/0! 

1-BUS-Mid-
0 

0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 1 0.3 6.3 #DIV/0! 

3-BUS-
MID-30 

1.8E+01 25 1 1 1.0 25.0 138.9 

1.8E+01 25 4 3 0.8 18.8 104.2 

4-BUS-
MID-30 

1.8E+01 25 1 0 0.0 0.0 0.0 

1.8E+01 25 4 0 0.0 0.0 0.0 

3-BUS-Mid-
30 

4.2E+01 25 1 0 0.0 0.0 0.0 

4.2E+01 25 4 3 0.8 18.8 44.6 

5-BUS-
MID-300 

1.8E+02 25 1 2 2.0 50.0 27.8 

1.8E+02 25 4 7 1.8 43.8 24.3 

6-BUS-
MID-300 

1.8E+02 25 1 0 0.0 0.0 0.0 

1.8E+02 25 4 9 2.3 56.3 31.3 

5-BUS-Mid-
300 

4.2E+02 25 1 3 3.0 75.0 17.9 

4.2E+02 25 4 4 1.0 25.0 6.0 

7-BUS-
MID-3,000 

1.8E+03 25 1 15 15.0 375.0 20.8 

1.8E+03 25 4 113 28.3 706.3 39.2 

8-BUS-
MID-3,000 

1.8E+03 25 1 21 21.0 525.0 29.2 

1.8E+03 25 4 39 9.8 243.8 13.5 

7-BUS-Mid-
3,000 

4.2E+03 25 1 13 13.0 325.0 7.7 

4.2E+03 25 4 60 15.0 375.0 8.9 

Use values highlighted in green for reporting. 
1 Actual number of B. a. Sterne spores spiked onto filter based on spiking suspension titer and volume of suspension applied. 

  



EPA/600/R-19/082  
10/8/2019 

M-4 

Bus Filters End 

Sample ID Spore 
Load1 

Extraction 
Volume 

(mL) 

Volume in 
Filter Cup 

(mL) 

Plate Counts 
(CFU) 

Average Sample 
Concentration Percent 

Recovery CFU/mL Total CFU 

BUS-END-
Blank 

0.0E+00 

25 1 0 0.0 0.0 N/A 
25 4 1 0.3 6.3 N/A 

BUS-END-
Blank 

25 1 0 0.0 0.0 N/A 
25 4 1 0.3 6.3 N/A 

BUS-END-
Blank 

25 1 0 0.0 0.0 N/A 
25 4 0 0.0 0.0 N/A 

9-BUS-
END-0 

0.0E+00 25 1 Not plated #VALUE! #VALUE! #VALUE! 
0.0E+00 25 4 Not plated #VALUE! #VALUE! #VALUE! 

10-BUS-
END-0 

0.0E+00 25 1 0 0.0 0.0 #DIV/0! 
0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

BUS-END-
30 1.5E+01 25 1 2 2.0 50.0 333.3 
  25 4 5 1.3 31.3 208.3 

BUS-END-
30 1.5E+01 25 1 2 2.0 50.0 333.3 
  25 4 7 1.8 43.8 291.7 

BUS-END-
30 1.5E+01 25 1 3 3.0 75.0 500.0 
  25 4 7 1.8 43.8 291.7 

11-BUS-
END-30 

4.4E+01 25 1 1 1.0 25.0 56.8 
4.4E+01 25 4 0 0.0 0.0 0.0 

12-BUS-
END-30 

4.4E+01 25 1 2 2.0 50.0 113.6 
4.4E+01 25 4 0 0.0 0.0 0.0 

BUS-END-
300 1.5E+02 

25 1 3 3.0 75.0 50.0 
25 4 1 0.3 6.3 4.2 

BUS-END-
300 1.5E+02 

25 1 2 2.0 50.0 33.3 
25 4 8 2.0 50.0 33.3 

BUS-END-
300 1.5E+02 

25 1 2 2.0 50.0 33.3 
25 4 6 1.5 37.5 25.0 

13-BUS-
END-300 

4.4E+02 25 1 6 6.0 150.0 34.1 
4.4E+02 25 4 12 3.0 75.0 17.0 

14-BUS-
END-300 

4.4E+02 25 1 6 6.0 150.0 34.1 
4.4E+02 25 4 7 1.8 43.8 9.9 

15-BUS-
END-3,000 

4.4E+03 25 1 28 28.0 700.0 15.9 
4.4E+03 25 4 69 17.3 431.3 9.8 

16-BUS-
END-3,000 

4.4E+03 25 1 38 38.0 950.0 21.6 
4.4E+03 25 4 90 22.5 562.5 12.8 

16-BUS-
END-3,000 

2.9E+03 25 1 24 24.0 600.0 20.7 
2.9E+03 25 4 60 15.0 375.0 12.9 

Use values highlighted in green for reporting. 
No discernable colonies due to grime/dirt on filter. 

1 Actual number of B. a. Sterne spores spiked onto filter based on spiking suspension titer and volume of suspension applied. 

  



EPA/600/R-19/082  
10/8/2019 

M-5 

HVAC Filters New 

Sample ID Spore Load1 
Extraction 

Volume 
(mL) 

Volume in 
Filter Cup 

(mL) 

Plate 
Counts 
(CFU) 

Average Sample 
Concentration Percent 

Recovery CFU/mL Total CFU 

9-HVAC-
NEW-0 

0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

10-HVAC-
NEW-0 

0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

1-HVAC-
NEW-0 

0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

2-HVAC-
NEW-0 

0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

11-HVAC-
NEW-30 

3.8E+01 25 1 1 1.0 25.0 65.8 

3.8E+01 25 4 2 0.5 12.5 32.9 

12-HVAC-
NEW-30 

3.8E+01 25 1 0 0.0 0.0 0.0 

3.8E+01 25 4 4 1.0 25.0 65.8 

3-HVAC-
NEW-30 

3.3E+01 25 1 0 0.0 0.0 0.0 

3.3E+01 25 4 3 0.8 18.8 56.8 

4-HVAC-
NEW-30 

3.3E+01 25 1 1 1.0 25.0 75.8 

3.3E+01 25 4 2 0.5 12.5 37.9 

5-HVAC-
NEW-300 

3.3E+02 25 1 7 7.0 175.0 53.0 

3.3E+02 25 4 24 6.0 150.0 45.5 

6-HVAC-
NEW-300 

3.3E+02 25 1 4 4.0 100.0 30.3 

3.3E+02 25 4 10 2.5 62.5 18.9 

13-HVAC-
NEW-300 

2.9E+02 25 1 2 2.0 50.0 17.2 

2.9E+02 25 4 14 3.5 87.5 30.2 

17-hvac-new-
3000 

2.9E+03 25 1 54 54.0 1350.0 46.6 

2.9E+03 25 4 152 41.6 1039.1 35.8 

7-HVAC-
NEW-3,000 

3.3E+03 25 1 48 48.0 1200.0 36.4 

3.3E+03 25 4 138 34.5 862.5 26.1 

8-HVAC-
NEW-3,000 

3.3E+03 25 1 41 41.0 1025.0 31.1 

3.3E+03 25 4 124 31.0 775.0 23.5 

Pieces of HVAC filter present on plated filter. 

Use values highlighted in green for reporting. 
1 Actual number of B. a. Sterne spores spiked onto filter based on spiking suspension titer and volume of suspension applied. 

  



EPA/600/R-19/082  
10/8/2019 

M-6 

HVAC Filters Mid 

Sample ID Spore Load1 
Extraction 

Volume 
(mL) 

Volume in 
Filter Cup 

(mL) 

Plate 
Counts 
(CFU) 

Average Sample 
Concentration Percent 

Recovery CFU/mL Total CFU 

9-HVAC-
MID-0 

0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 GRIME GRIME GRIME GRIME 

10-HVAC-
MID-0 

0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 LAWN LAWN LAWN LAWN 

2-HVAC-
MID-0 

0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

12-HVAC-
MID-30 

1.8E+01 25 1 0 0.0 0.0 0.0 

1.8E+01 25 4 1 0.3 6.3 34.7 

4-HVAC-
MID-30 

1.8E+01 25 1 0 0.0 0.0 0.0 

1.8E+01 25 4 1 0.3 6.3 34.7 

4-HVAC-
MID-30 

4.2E+01 25 1 0 0.0 0.0 0.0 

4.2E+01 25 4 0 0.0 0.0 0.0 

13-HVAC-
MID-300 

1.8E+02 25 1 4 4.0 100.0 55.6 

1.8E+02 25 4 LAWN LAWN LAWN LAWN 

14-HVAC-
MID-300 

1.8E+02 25 1 4 4.0 100.0 55.6 

1.8E+02 25 4 7 1.8 43.8 24.3 

6-HVAC-
MID-300 

4.2E+02 25 1 8 8.0 200.0 47.6 

4.2E+02 25 4 22 5.5 137.5 32.7 

15-HVAC-
MID-3000 

1.8E+03 25 1 37 37.0 925.0 51.4 

1.8E+03 25 4 117 29.3 731.3 40.6 

16-HVAC-
MID-3000 

1.8E+03 25 1 54 54.0 1350.0 75.0 

1.8E+03 25 4 114 28.5 712.5 39.6 

8-HVAC-
MID-3,000 

4.2E+03 25 1 53 53.0 1325.0 31.5 

4.2E+03 25 4 102 25.5 637.5 15.2 

Use values highlighted in green for reporting. 
1 Actual number of B. a. Sterne spores spiked onto filter based on spiking suspension titer and volume of suspension applied. 

  



EPA/600/R-19/082  
10/8/2019 

M-7 

HVAC Filters End 

Sample ID Spore Load1 
Extraction 

Volume 
(mL) 

Volume in 
Filter Cup 

(mL) 

Plate 
Counts 
(CFU) 

Average Sample 
Concentration Percent 

Recovery CFU/mL Total CFU 

1-HVAC-END-
0 

0.0E+00 25 1 4 4.0 100.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

2-HVAC-END-
0 

0.0E+00 25 1 10 10.0 250.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

9-HVAC-END-
0 

0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

10-HVAC-
END-0 

0.0E+00 25 1 1 1.0 25.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

3-HVAC-END-
30 

3.8E+01 25 1 3 3.0 75.0 197.4 

3.8E+01 25 4 0 0.0 0.0 0.0 

4-HVAC-END-
30 

3.8E+01 25 1 4 4.0 100.0 263.2 

3.8E+01 25 4 0 0.0 0.0 0.0 

11-HVAC-End-
30 

3.3E+01 25 1 1 1.0 25.0 75.8 

3.3E+01 25 4 0 0.0 0.0 0.0 

12-HVAC-
END-30 

3.3E+01 25 1 2 2.0 50.0 151.5 

3.3E+01 25 4 0 0.0 0.0 0.0 

5-HVAC-END-
300 

3.8E+02 25 1 5 5.0 125.0 32.9 

3.8E+02 25 4 0 0.0 0.0 0.0 

6-HVAC-END-
300 

3.8E+02 25 1 4 4.0 100.0 26.3 

3.8E+02 25 4 0 0.0 0.0 0.0 

13-HVAC-
END-300 

3.3E+02 25 1 5 5.0 125.0 37.9 

3.3E+02 25 4 0 0.0 0.0 0.0 

14-HVAC-
END-300 

3.3E+02 25 1 8 8.0 200.0 60.6 

3.3E+02 25 4 0 0.0 0.0 0.0 

7-HVAC-END-
3,000 

3.8E+03 25 1 45 45.0 1125.0 29.6 

3.8E+03 25 4 0 0.0 0.0 0.0 

8-HVAC-END-
3,000 

3.8E+03 25 1 56 56.0 1400.0 36.8 

3.8E+03 25 4 0 0.0 0.0 0.0 

15-HVAC-
END-3,000 

3.3E+03 25 1 80 80.0 2000.0 60.6 

3.3E+03 25 4 0 0.0 0.0 0.0 

16-HVAC-
END-3,000 

3.3E+03 25 1 57 57.0 1425.0 43.2 

3.3E+03 25 4 0 0.0 0.0 0.0 

Grime prevents identification/counting of morphologies. 

Use values highlighted in green for reporting. 
1 Actual number of B. a. Sterne spores spiked onto filter based on spiking suspension titer and volume of suspension applied. 

  



EPA/600/R-19/082  
10/8/2019 

M-8 

Platform Filters New 

Sample ID Spore Load1 
Extraction 

Volume 
(mL) 

Volume in 
Filter Cup 

(mL) 

Plate 
Counts 
(CFU) 

Average Sample 
Concentration Percent 

Recovery CFU/mL Total CFU 

9-PLAT-
NEW-0 

0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

10-PLAT-
NEW-0 

0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

1-PLAT-
NEW-0 

0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

11-PLAT-
NEW-30 

1.7E+01 25 1 1 1.0 25.0 147.1 

1.7E+01 25 4 0 0.0 0.0 0.0 

12-PLAT-
NEW-30 

1.7E+01 25 1 0 0.0 0.0 0.0 

1.7E+01 25 4 4 1.0 25.0 147.1 

3-PLAT-
NEW-30 

2.8E+01 25 1 0 0.0 0.0 0.0 

2.8E+01 25 4 2 0.5 12.5 44.6 

13-PLAT-
NEW-300 

1.7E+02 25 1 6 6.0 150.0 88.2 

1.7E+02 25 4 7 1.8 43.8 25.7 

14-PLAT-
NEW-300 

1.7E+02 25 1 2 2.0 50.0 29.4 

1.7E+02 25 4 13 3.3 81.3 47.8 

5-PLAT-
NEW-300 

2.8E+02 25 1 7 7.0 175.0 62.5 

2.8E+02 25 4 25 6.3 156.3 55.8 

15-PLAT-
NEW-3,000 

1.7E+03 25 1 43 43.0 1075.0 63.2 

1.7E+03 25 4 208 52.0 1300.0 76.5 

16-PLAT-
NEW-3,000 

1.7E+03 25 1 53 53.0 1325.0 77.9 

1.7E+03 25 4 220 55.0 1375.0 80.9 

7-PLAT-
NEW-3,000 

2.8E+03 25 1 46 46.0 1150.0 41.1 

2.8E+03 25 4 146 36.5 912.5 32.6 

Count is from half the plate filter multiplied by 2 

Use values highlighted in green for reporting. 
1 Actual number of B. a. Sterne spores spiked onto filter based on spiking suspension titer and volume of suspension applied. 

  



EPA/600/R-19/082  
10/8/2019 

M-9 

Platform Filters Mid 

Sample ID Spore Load1 
Extraction 

Volume 
(mL) 

Volume in 
Filter Cup 

(mL) 

Plate 
Counts 
(CFU) 

Average Sample 
Concentration Percent 

Recovery CFU/mL Total CFU 

1-PLAT-
MID-0 

0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 4 1.0 25.0 #DIV/0! 

2-PLAT-
MID-0 

0.0E+00 25 1 2 2.0 50.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

9-PLAT-
Mid-0 

0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

3-PLAT-
MID-30 

3.0E+01 25 1 1 1.0 25.0 83.3 

3.0E+01 25 4 0 0.0 0.0 0.0 

4-PLAT-
MID-30 

3.0E+01 25 1 0 0.0 0.0 0.0 

3.0E+01 25 4 3 0.8 18.8 62.5 

11-PLAT-
Mid-30 

4.2E+01 25 1 0 0.0 0.0 0.0 

4.2E+01 25 4 2 0.5 12.5 29.8 

5-PLAT-
MID-300 

3.0E+02 25 1 4 4.0 100.0 33.3 

3.0E+02 25 4 25 6.3 156.3 52.1 

6-PLAT-
MID-300 

3.0E+02 25 1 5 5.0 125.0 41.7 

3.0E+02 25 4 18 4.5 112.5 37.5 

13-PLAT-
Mid-300 

4.2E+02 25 1 6 6.0 150.0 35.7 

4.2E+02 25 4 LAWN LAWN LAWN #VALUE! 

7-PLAT-
MID-3,000 

3.0E+03 25 1 41 41.0 1025.0 34.2 

3.0E+03 25 4 0 0.0 0.0 0.0 

8-PLAT-
MID-3,000 

3.0E+03 25 1 34 34.0 850.0 28.3 

3.0E+03 25 4 0 0.0 0.0 0.0 

15-PLAT-
Mid-3,000 

4.2E+03 25 1 34 34.0 850.0 20.2 

4.2E+03 25 4 TNTC #VALUE! #VALUE! #VALUE! 

Grime makes counting impossible 

50% lawn 

TNTC/Grime 

Use values highlighted in green for reporting. 
1 Actual number of B. a. Sterne spores spiked onto filter based on spiking suspension titer and volume of suspension applied. 

  



EPA/600/R-19/082  
10/8/2019 

M-10 

Platform Filters End 

Sample ID Spore 
Load1 

Extraction 
Volume 

(mL) 

Volume in 
Filter Cup 

(mL) 

Plate 
Counts 
(CFU) 

Average Sample 
Concentration Percent 

Recovery CFU/mL Total CFU 

1-PLAT-END-
0 

0.0E+00 25 1 4 4.0 100.0 #DIV/0! 

0.0E+00 25 4 lawn #VALUE! #VALUE! #VALUE! 

2-PLAT-END-
0 

0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

9-PLAT-END-
0 

0.0E+00 25 1 1 1.0 25.0 #DIV/0! 

0.0E+00 25 4 GRIME #VALUE! #VALUE! #VALUE! 

3-PLAT-END-
30 

1.7E+01 25 1 3 3.0 75.0 441.2 

1.7E+01 25 4 Lawn #VALUE! #VALUE! #VALUE! 

4-PLAT-END-
30 

1.7E+01 25 1 3 3.0 75.0 441.2 

1.7E+01 25 4 Lawn #VALUE! #VALUE! #VALUE! 

11-PLAT-
END-30 

2.8E+01 25 1 0 0.0 0.0 0.0 

2.8E+01 25 4 0 0.0 0.0 0.0 

5-PLAT-END-
300 

1.7E+02 25 1 6 6.0 150.0 88.2 

1.7E+02 25 4 Lawn #VALUE! #VALUE! #VALUE! 

6-PLAT-END-
300 

1.7E+02 25 1 2 2.0 50.0 29.4 

1.7E+02 25 4 Lawn #VALUE! #VALUE! #VALUE! 

13-PLAT-
END-300 

2.8E+02 25 1 6 6.0 150.0 53.6 

2.8E+02 25 4 GRIME #VALUE! #VALUE! #VALUE! 

7-PLAT-END-
3,000 

1.7E+03 25 1 57 57.0 1425.0 83.8 

1.7E+03 25 4 Lawn #VALUE! #VALUE! #VALUE! 

8-PLAT-END-
3,000 

1.7E+03 25 1 48 48.0 1200.0 70.6 

1.7E+03 25 4 Lawn #VALUE! #VALUE! #VALUE! 

15-PLAT-
END-3,000 

2.8E+03 25 1 15 15.0 375.0 13.4 

2.8E+03 25 4 GRIME #VALUE! #VALUE! #VALUE! 

50% lawn 

Use values highlighted in green for reporting. 
1 Actual number of B. a. Sterne spores spiked onto filter based on spiking suspension titer and volume of suspension applied. 

  



EPA/600/R-19/082  
10/8/2019 

M-11 

Rolling Stock New 

Sample ID Spore Load1 
Extraction 

Volume 
(mL) 

Volume in 
Filter Cup 

(mL) 

Plate 
Counts 
(CFU) 

Average Sample 
Concentration Percent 

Recovery CFU/mL Total CFU 

1-ROLL-
NEW-0 

0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

2-ROLL-
NEW-0 

0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

2-ROLL-
NEW-0 

0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

3-ROLL-
NEW-30 

7.0E+01 25 1 3 3.0 75.0 107.6 

7.0E+01 25 4 4 1.0 25.0 35.9 

4-ROLL-
NEW-30 

7.0E+01 25 1 0 0.0 0.0 0.0 

7.0E+01 25 4 5 1.3 31.3 44.8 

4-ROLL-
NEW-30 

2.8E+01 25 1 1 1.0 25.0 89.3 

2.8E+01 25 4 4 1.0 25.0 89.3 

5-ROLL-
NEW-300 

7.0E+02 25 1 15 15.0 375.0 53.6 

7.0E+02 25 4 63 15.8 393.8 56.3 

6-ROLL-
NEW-300 

7.0E+02 25 1 11 11.0 275.0 39.3 

7.0E+02 25 4 59 14.8 368.8 52.7 

6-ROLL-
NEW-300 

2.8E+02 25 1 5 5.0 125.0 44.6 

2.8E+02 25 4 36 9.0 225.0 80.4 

7-ROLL-
NEW-3,000 

7.0E+03 25 1 114 114.0 2850.0 40.7 

7.0E+03 25 4 TNTC #VALUE! #VALUE! #VALUE! 

8-ROLL-
NEW-3,000 

7.0E+03 25 1 111 111.0 2775.0 39.6 

7.0E+03 25 4 TNTC #VALUE! #VALUE! #VALUE! 

8-ROLL-
NEW-3,000 

2.8E+03 25 1 39 39.0 975.0 34.8 

2.8E+03 25 4 196 49.0 1225.0 43.8 

Count is from half the plate filter multiplied by 2 

Use values highlighted in green for reporting. 
1 Actual number of B. a. Sterne spores spiked onto filter based on spiking suspension titer and volume of suspension applied. 
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10/8/2019 

M-12 

Rolling Stock Mid 

Sample ID Spore 
Load1 

Extraction 
Volume 

(mL) 

Volume in 
Filter Cup 

(mL) 

Plate 
Counts 
(CFU) 

Average Sample 
Concentration Percent 

Recovery CFU/mL Total CFU 

9-ROLL-
MID-0 

0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

10-ROLL-
MID-0 

0.0E+00 25 1 1 1.0 25.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

10-ROLL-
Mid-0 

0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 GRIME GRIME GRIME #VALUE! 

11-ROLL-
MID-30 

3.0E+01 25 1 0 0.0 0.0 0.0 

3.0E+01 25 4 0 0.0 0.0 0.0 

12-ROLL-
MID-30 

3.0E+01 25 1 0 0.0 0.0 0.0 

3.0E+01 25 4 0 0.0 0.0 0.0 

12-ROLL-
Mid-30 

4.2E+01 25 1 3 3.0 75.0 178.6 

4.2E+01 25 4 GRIME GRIME GRIME #VALUE! 

13-ROLL-
MID-300 

3.0E+02 25 1 7 7.0 175.0 58.3 

3.0E+02 25 4 0 0.0 0.0 0.0 

14-ROLL-
MID-300 

3.0E+02 25 1 2 2.0 50.0 16.7 

3.0E+02 25 4 0 0.0 0.0 0.0 

14-ROLL-
Mid-300 

4.2E+02 25 1 3 3.0 75.0 17.9 

4.2E+02 25 4 GRIME GRIME GRIME #VALUE! 

15-ROLL-
MID-3,000 

3.0E+03 25 1 50 50.0 1250.0 41.7 

3.0E+03 25 4 0 0.0 0.0 0.0 

16-ROLL-
MID-3,000 

3.0E+03 25 1 0 0.0 0.0 0.0 

3.0E+03 25 4 0 0.0 0.0 0.0 

16-ROLL-
Mid-3,000 

4.2E+03 25 1 11 11.0 275.0 6.5 

4.2E+03 25 4 GRIME GRIME GRIME #VALUE! 

50% lawn 

Grime makes counting impossible 

75% lawn 

TNTC/Grime 

Use values highlighted in green for reporting 
1 Actual number of B. a. Sterne spores spiked onto filter based on spiking suspension titer and volume of suspension applied. 
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M-13 

Rolling Stock End 

Sample ID Spore 
Load1 

Extraction 
Volume 

(mL) 

Volume in 
Filter Cup 

(mL) 

Plate 
Counts 
(CFU) 

Average Sample 
Concentration Percent 

Recovery CFU/mL Total CFU 

9-ROLL-
END-0 

0.0E+00 25 1 1 1.0 25.0 #DIV/0! 

0.0E+00 25 4 LAWN #VALUE! #VALUE! #VALUE! 

10-ROLL-
END-0 

0.0E+00 25 1 1 1.0 25.0 #DIV/0! 

0.0E+00 25 4 LAWN #VALUE! #VALUE! #VALUE! 

10-ROLL-
END-0 

0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 GRIME #VALUE! #VALUE! #VALUE! 

11-ROLL-
END-30 

7.0E+01 25 1 4 4.0 100.0 143.5 

7.0E+01 25 4 LAWN #VALUE! #VALUE! #VALUE! 

12-ROLL-
END-30 

7.0E+01 25 1 3 3.0 75.0 107.6 

7.0E+01 25 4 LAWN #VALUE! #VALUE! #VALUE! 

12-ROLL-
END-30 

2.8E+01 25 1 GRIME #VALUE! 0.0 0.0 

2.8E+01 25 4 GRIME #VALUE! #VALUE! #VALUE! 

13-ROLL-
END-300 

7.0E+02 25 1 11 11.0 275.0 39.3 

7.0E+02 25 4 LAWN #VALUE! #VALUE! #VALUE! 

14-ROLL-
END-300 

7.0E+02 25 1 3 3.0 75.0 10.7 

7.0E+02 25 4 LAWN #VALUE! #VALUE! #VALUE! 

14-ROLL-
END-300 

2.8E+02 25 1 GRIME #VALUE! 0.0 0.0 

2.8E+02 25 4 GRIME #VALUE! #VALUE! #VALUE! 

15-ROLL-
END-3,000 

7.0E+03 25 1 TNTC #VALUE! #VALUE! #VALUE! 

7.0E+03 25 4 TNTC #VALUE! #VALUE! #VALUE! 

16-ROLL-
END-3,000 

7.0E+03 25 1 TNTC #VALUE! #VALUE! #VALUE! 

7.0E+03 25 4 TNTC #VALUE! #VALUE! #VALUE! 

16-ROLL-
END-3,000 

2.8E+03 25 1 GRIME #VALUE! #VALUE! #VALUE! 

2.8E+03 25 4 GRIME #VALUE! #VALUE! #VALUE! 

Use values highlighted in green for reporting 
1 Actual number of B. a. Sterne spores spiked onto filter based on spiking suspension titer and volume of suspension applied. 
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N-1 

APPENDIX N. CULTURE RESULTS FOR NON-AIR QUALITY FILTERS 
USING MYP MEDIUM 



EPA/600/R-19/082  
10/8/2019 

N-2 

July 24, 2017 Trial - Bus Filters (New and EOL) 

Sample ID Spore 
Load1 

Extraction 
Volume 

(mL) 

Volume in 
Filter Cup 

(mL) 

Plate 
Counts 
(CFU) 

Average Sample 
Concentration Percent 

Recovery CFU/mL Total CFU 

1-Bus-
High-Blank 

0.0E+00 

25 1 3 3.0 75.0 N/A 

25 3 5 1.6 40.3 N/A 

2-Bus-
High-Blank 

25 1 0 0.0 0.0 N/A 

25 4 4 1.0 25.0 N/A 

3-Bus-
High-Blank 

25 1 1 1.0 25.0 N/A 

25 4 1 0.3 6.3 N/A 

4-Bus-
High-30 1.5E+01 

25 1 6 6.0 150.0 1000.0 

25 4 0 0.0 0.0 0.0 

5-Bus-
High-30 1.5E+01 

25 1 2 2.0 50.0 333.3 

25 4 0 0.0 0.0 0.0 

6-Bus-
High-30 1.5E+01 

25 1 1 1.0 25.0 166.7 

25 4 0 0.0 0.0 0.0 

7-Bus-
High-300 1.5E+02 

25 1 0 0.0 0.0 0.0 

25 4 0 0.0 0.0 0.0 

8-Bus-
High-300 1.5E+02 

25 1 4 4.0 100.0 66.7 

25 4 0 0.0 0.0 0.0 

9-Bus-
High-300 1.5E+02 

25 1 3 3.0 75.0 50.0 

25 4 0 0.0 0.0 0.0 

10-Bus-
New-Blank 0.0E+00 

25 1 0 0.0 0.0 N/A 

25 4 0 0.0 0.0 N/A 

11-Bus-
New-Blank 0.0E+00 

25 1 0 0.0 0.0 N/A 

25 4 0 0.0 0.0 N/A 

12-Bus-
New-Blank 0.0E+00 

25 1 0 0.0 0.0 N/A 

25 4 0 0.0 0.0 N/A 
Formation of large lawn 
Lawn may be B.A. 
Used values highlighted green for percent recovery 

1 Actual number of B. a. Sterne spores spiked onto filter based on spiking suspension titer and volume of suspension applied. 
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N-3 

August 25, 2017 Trial - Bus Filters (New and EOL) 

Sample 
ID 

Spore 
Load1 

Extraction 
Volume 

(mL) 

Volume in 
Filter Cup 

(mL) 

Plate Counts 
(CFU) 

Average Sample 
Concentration Percent 

Recovery CFU/mL Total CFU 

1-BUS-
NEW-0 

0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

2-BUS-
NEW-0 

0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

3-BUS-
NEW-30 

4.4E+01 25 1 0 0.0 0.0 0.0 

4.4E+01 25 4 1 0.3 6.3 14.2 

4-BUS-
NEW-30 

4.4E+01 25 1 0 0.0 0.0 0.0 

4.4E+01 25 4 0 0.0 0.0 0.0 

5-BUS-
NEW-300 

4.4E+02 25 1 3 3.0 75.0 17.0 

4.4E+02 25 4 7 1.8 43.8 9.9 

6-BUS-
NEW-300 

4.4E+02 25 1 2 2.0 50.0 11.4 

4.4E+02 25 4 9 2.3 56.3 12.8 
7-BUS-
NEW-
3,000 

4.4E+03 25 1 11 11.0 275.0 6.3 

4.4E+03 25 4 54 13.5 337.5 7.7 
8-BUS-
NEW-
3,000 

4.4E+03 25 1 12 12.0 300.0 6.8 

4.4E+03 25 4 41 10.3 256.3 5.8 

9-BUS-
END-0 

0.0E+00 25 1 Not plated #VALUE! #VALUE! #VALUE! 
0.0E+00 25 4 Not plated #VALUE! #VALUE! #VALUE! 

10-BUS-
END-0 

0.0E+00 25 1 0 0.0 0.0 #DIV/0! 
0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

11-BUS-
NEW-30 

4.4E+01 25 1 0 0.0 0.0 0.0 
4.4E+01 25 4 0 0.0 0.0 0.0 

12-BUS-
END-30 

4.4E+01 25 1 3 3.0 75.0 170.5 
4.4E+01 25 4 0 0.0 0.0 0.0 

13-BUS-
END-300 

4.4E+02 25 1 8 8.0 200.0 45.5 
4.4E+02 25 4 24 6.0 150.0 34.1 

14-BUS-
END-300 

4.4E+02 25 1 3 3.0 75.0 17.0 
4.4E+02 25 4 0 0.0 0.0 0.0 

15-BUS-
END-
3,000 

4.4E+03 25 1 27 27.0 675.0 15.3 

4.4E+03 25 4 0 0.0 0.0 0.0 
16-BUS-

END-
3,000 

4.4E+03 25 1 28 28.0 700.0 15.9 

4.4E+03 25 4 0 0.0 0.0 0.0 

Colonies counted through grime 
No discernable colonies  due to grime/dirt on filter 
Half of filter appears to be unidentified lawn 
Used values highlighted green for percent recovery 

1 Actual number of B. a. Sterne spores spiked onto filter based on spiking suspension titer and volume of suspension applied. 
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N-4 

September 15, 2017 Trial - Bus & HVAC Filters 

Sample ID Spore 
Load1 

Extraction 
Volume 

(mL) 

Volume in 
Filter Cup 

(mL) 

Plate 
Counts 
(CFU) 

Average Sample 
Concentration Percent 

Recovery CFU/mL Total CFU 

1-BUS-
MID-0 

0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

2-BUS-
MID-0 

0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 LAWN LAWN LAWN LAWN 

3-BUS-
MID-30 

1.8E+01 25 1 1 1.0 25.0 138.9 

1.8E+01 25 4 LAWN LAWN LAWN LAWN 

4-BUS-
MID-30 

1.8E+01 25 1 0 0.0 0.0 0.0 

1.8E+01 25 4 LAWN LAWN LAWN LAWN 

5-BUS-
MID-300 

1.8E+02 25 1 0 0.0 0.0 0.0 

1.8E+02 25 4 LAWN LAWN LAWN LAWN 

6-BUS-
MID-300 

1.8E+02 25 1 0 0.0 0.0 0.0 

1.8E+02 25 4 LAWN LAWN LAWN LAWN 

7-BUS-
MID-3,000 

1.8E+03 25 1 15 15.0 375.0 20.8 

1.8E+03 25 4 0 0.0 0.0 0.0 

8-BUS-
MID-3,000 

1.8E+03 25 1 6 6.0 150.0 8.3 

1.8E+03 25 4 LAWN LAWN LAWN LAWN 

9-HVAC-
MID-0 

0.0E+00 25 1 0 0.0 0.0 #DIV/0! 
0.0E+00 25 4 LAWN LAWN LAWN LAWN 

10-HVAC-
MID-0 

0.0E+00 25 1 LAWN LAWN LAWN LAWN 
0.0E+00 25 4 LAWN LAWN LAWN LAWN 

11-HVAC-
MID-30 

1.8E+01 25 1 LAWN LAWN LAWN LAWN 
1.8E+01 25 4 LAWN LAWN LAWN LAWN 

12-HVAC-
MID-30 

1.8E+01 25 1 0 0.0 0.0 0.0 
1.8E+01 25 4 LAWN LAWN LAWN LAWN 

13-HVAC-
MID-300 

1.8E+02 25 1 2 2.0 50.0 27.8 
1.8E+02 25 4 17 4.3 106.3 59.0 

14-HVAC-
MID-300 

1.8E+02 25 1 1 1.0 25.0 13.9 
1.8E+02 25 4 13 3.3 81.3 45.1 

15-HVAC-
MID-3,000 

1.8E+03 25 1 36 36.0 900.0 50.0 
1.8E+03 25 4 LAWN LAWN LAWN LAWN 

16-HVAC-
MID-3,000 

1.8E+03 25 1 22 22.0 550.0 30.6 
1.8E+03 25 4 LAWN LAWN LAWN LAWN 

Used values highlighted green for percent recovery 
1 Actual number of B. a. Sterne spores spiked onto filter based on spiking suspension titer and volume of suspension applied. 

  



EPA/600/R-19/082  
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N-5 

August 1, 2017 Trial – HVAC Filters 

Sample ID Spore 
Load1 

Extraction 
Volume 

(mL) 

Volume in 
Filter Cup 

(mL) 

Plate 
Counts 
(CFU) 

Average Sample 
Concentration Percent 

Recovery CFU/mL Total CFU 

1-HVAC-
EOL-0 

0.0E+00 25 1 1 1.0 25.0 #DIV/0! 

0.0E+00 25 3 0 0.0 0.0 #DIV/0! 

2-HVAC-
EOL-0 

0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

3-HVAC-
EOL-30 

3.8E+01 25 1 0 0.0 Lawn #VALUE! 

3.8E+01 25 4 0 0.0 0.0 0.0 

4-HVAC-
EOL-30 

3.8E+01 25 1 0 0.0 0.0 0.0 

3.8E+01 25 4 0 0.0 Lawn #VALUE! 

5-HVAC-
EOL-300 

3.8E+02 25 1 7 7.0 175.0 46.1 

3.8E+02 25 4 0 0.0 0.0 0.0 

6-HVAC-
EOL-300 

3.8E+02 25 1 0 0.0 0.0 0.0 

3.8E+02 25 4 0 0.0 Lawn #VALUE! 

7-HVAC-
EOL-3,000 

3.8E+03 25 1 0 0.0 Lawn #VALUE! 

3.8E+03 25 4 0 0.0 0.0 0.0 

8-HVAC-
EOL-3,000 

3.8E+03 25 1 0 0.0 Lawn #VALUE! 

3.8E+03 25 4 0 0.0 0.0 0.0 

9-HVAC-
NEW-0 

0.0E+00 25 1 0 0.0 0.0 #DIV/0! 
0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

10-HVAC-
NEW-0 

0.0E+00 25 1 0 0.0 0.0 #DIV/0! 
0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

11-HVAC-
NEW-30 

3.8E+01 25 1 2 2.0 50.0 131.6 
3.8E+01 25 4 3 0.8 18.8 49.3 

12-HVAC-
NEW-30 

3.8E+01 25 1 0 0.0 0.0 0.0 
3.8E+01 25 4 2 0.5 12.5 32.9 

Used values highlighted green for percent recovery 
1 Actual number of B. a. Sterne spores spiked onto filter based on spiking suspension titer and volume of suspension applied. 
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N-6 

September 8, 2017 Trial – HVAC Filters 

Sample ID Spore 
Load1 

Extraction 
Volume 

(mL) 

Volume in 
Filter Cup 

(mL) 

Plate 
Counts 
(CFU) 

Average Sample 
Concentration Percent 

Recovery CFU/mL Total CFU 

1-HVAC-
NEW-0 

0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

2-HVAC-
NEW-0 

0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

3-HVAC-
NEW-30 

3.3E+01 25 1 0 0.0 0.0 0.0 

3.3E+01 25 4 2 0.5 12.5 37.9 

4-HVAC-
NEW-30 

3.3E+01 25 1 2 2.0 50.0 151.5 

3.3E+01 25 4 3 0.8 18.8 56.8 

5-HVAC-
NEW-300 

3.3E+02 25 1 10 10.0 250.0 75.8 

3.3E+02 25 4 14 3.5 87.5 26.5 

6-HVAC-
NEW-300 

3.3E+02 25 1 4 4.0 100.0 30.3 

3.3E+02 25 4 22 5.5 137.5 41.7 
7-HVAC-

NEW-
3,000 

3.3E+03 25 1 38 38.0 950.0 28.8 

3.3E+03 25 4 TNTC #VALUE! #VALUE! #VALUE! 
8-HVAC-

NEW-
3,000 

3.3E+03 25 1 38 38.0 950.0 28.8 

3.3E+03 25 4 121 30.3 756.3 22.9 

9-HVAC-
END-0 

0.0E+00 25 1 LAWN #VALUE! #VALUE! #VALUE! 
0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

10-HVAC-
END-0 

0.0E+00 25 1 LAWN #VALUE! #VALUE! #VALUE! 
0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

11-HVAC-
End-30 

3.3E+01 25 1 LAWN #VALUE! #VALUE! #VALUE! 
3.3E+01 25 4 0 0.0 0.0 0.0 

12-HVAC-
END-30 

3.3E+01 25 1 LAWN #VALUE! #VALUE! #VALUE! 
3.3E+01 25 4 0 0.0 0.0 0.0 

13-HVAC-
END-300 

3.3E+02 25 1 4 4.0 100.0 30.3 
3.3E+02 25 4 0 0.0 0.0 0.0 

14-HVAC-
END-300 

3.3E+02 25 1 5 5.0 125.0 37.9 
3.3E+02 25 4 0 0.0 0.0 0.0 

15-HVAC-
END-3,000 

3.3E+03 25 1 LAWN LAWN #VALUE! #VALUE! 
3.3E+03 25 4 0 0.0 0.0 0.0 

16-HVAC-
END-3,000 

3.3E+03 25 1 LAWN LAWN #VALUE! #VALUE! 
3.3E+03 25 4 0 0.0 0.0 0.0 

Used this value in calculation 
Pieces of HVAC filter present on plated filter 
Grime prevents identification/counting of morphologies 

1 Actual number of B. a. Sterne spores spiked onto filter based on spiking suspension titer and volume of suspension applied. 
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N-7 

September 15, 2017 Trial - HVAC & Bus Filters 

Sample ID Spore 
Load1 

Extraction 
Volume 

(mL) 

Volume in 
Filter Cup 

(mL) 

Plate 
Counts 
(CFU) 

Average Sample 
Concentration Percent 

Recovery CFU/mL Total CFU 

1-BUS-
MID-0 

0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

2-BUS-
MID-0 

0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 LAWN LAWN LAWN LAWN 

3-BUS-
MID-30 

1.8E+01 25 1 1 1.0 25.0 138.9 

1.8E+01 25 4 LAWN LAWN LAWN LAWN 

4-BUS-
MID-30 

1.8E+01 25 1 0 0.0 0.0 0.0 

1.8E+01 25 4 LAWN LAWN LAWN LAWN 

5-BUS-
MID-300 

1.8E+02 25 1 0 0.0 0.0 0.0 

1.8E+02 25 4 LAWN LAWN LAWN LAWN 

6-BUS-
MID-300 

1.8E+02 25 1 0 0.0 0.0 0.0 

1.8E+02 25 4 LAWN LAWN LAWN LAWN 

7-BUS-
MID-3,000 

1.8E+03 25 1 15 15.0 375.0 20.8 

1.8E+03 25 4 0 0.0 0.0 0.0 

8-BUS-
MID-3,000 

1.8E+03 25 1 6 6.0 150.0 8.3 

1.8E+03 25 4 LAWN LAWN LAWN LAWN 

9-HVAC-
MID-0 

0.0E+00 25 1 0 0.0 0.0 #DIV/0! 
0.0E+00 25 4 LAWN LAWN LAWN LAWN 

10-HVAC-
MID-0 

0.0E+00 25 1 LAWN LAWN LAWN LAWN 
0.0E+00 25 4 LAWN LAWN LAWN LAWN 

11-HVAC-
MID-30 

1.8E+01 25 1 LAWN LAWN LAWN LAWN 
1.8E+01 25 4 LAWN LAWN LAWN LAWN 

12-HVAC-
MID-30 

1.8E+01 25 1 0 0.0 0.0 0.0 
1.8E+01 25 4 LAWN LAWN LAWN LAWN 

13-HVAC-
MID-300 

1.8E+02 25 1 2 2.0 50.0 27.8 
1.8E+02 25 4 17 4.3 106.3 59.0 

14-HVAC-
MID-300 

1.8E+02 25 1 1 1.0 25.0 13.9 
1.8E+02 25 4 13 3.3 81.3 45.1 

15-HVAC-
MID-3,000 

1.8E+03 25 1 36 36.0 900.0 50.0 
1.8E+03 25 4 LAWN LAWN LAWN LAWN 

16-HVAC-
MID-3,000 

1.8E+03 25 1 22 22.0 550.0 30.6 
1.8E+03 25 4 LAWN LAWN LAWN LAWN 

Used this value in calculation 
1 Actual number of B. a. Sterne spores spiked onto filter based on spiking suspension titer and volume of suspension applied. 
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N-8 

August 11, 2017 Trial – PLAT Filters 

Sample ID Spore 
Load1 

Extraction 
Volume 

(mL) 

Volume in 
Filter Cup 

(mL) 

Plate 
Counts 
(CFU) 

Average Sample 
Concentration Percent 

Recovery CFU/mL Total CFU 

1-PLAT-
END-0 

0.0E+00 25 1 Lawn #VALUE! #VALUE! #VALUE! 

0.0E+00 25 4 Lawn #VALUE! #VALUE! #VALUE! 

2-PLAT-
END-0 

0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

3-PLAT-
END-30 

1.7E+01 25 1 6 6.0 150.0 882.4 

1.7E+01 25 4 Lawn #VALUE! #VALUE! #VALUE! 

4-PLAT-
END-30 

1.7E+01 25 1 2 2.0 50.0 294.1 

1.7E+01 25 4 Lawn #VALUE! #VALUE! #VALUE! 

5-PLAT-
END-300 

1.7E+02 25 1 10 10.0 250.0 147.1 

1.7E+02 25 4 Lawn #VALUE! #VALUE! #VALUE! 

6-PLAT-
END-300 

1.7E+02 25 1 3 3.0 75.0 44.1 

1.7E+02 25 4 Lawn #VALUE! #VALUE! #VALUE! 

7-PLAT-
END-3,000 

1.7E+03 25 1 49 49.0 1225.0 72.1 

1.7E+03 25 4 Lawn #VALUE! #VALUE! #VALUE! 

8-PLAT-
END-3,000 

1.7E+03 25 1 37 37.0 925.0 54.4 

1.7E+03 25 4 Lawn #VALUE! #VALUE! #VALUE! 

9-PLAT-
NEW-0 

0.0E+00 25 1 0 0.0 0.0 #DIV/0! 
0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

10-PLAT-
NEW-0 

0.0E+00 25 1 0 0.0 0.0 #DIV/0! 
0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

11-PLAT-
NEW-30 

1.7E+01 25 1 0 0.0 0.0 0.0 
1.7E+01 25 4 2 0.5 12.5 73.5 

12-PLAT-
NEW-30 

1.7E+01 25 1 1 1.0 25.0 147.1 
1.7E+01 25 4 2 0.5 12.5 73.5 

13-PLAT-
NEW-300 

1.7E+02 25 1 2 2.0 50.0 29.4 
1.7E+02 25 4 11 2.8 68.8 40.4 

14-PLAT-
NEW-300 

1.7E+02 25 1 2 2.0 50.0 29.4 
1.7E+02 25 4 12 3.0 75.0 44.1 

15-PLAT-
NEW-
3,000 

1.7E+03 25 1 31 31.0 775.0 45.6 

1.7E+03 25 4 115 28.8 718.8 42.3 
16-PLAT-

NEW-
3,000 

1.7E+03 25 1 30 30.0 750.0 44.1 

1.7E+03 25 4 130 32.5 812.5 47.8 

Used this value in calculation 
1 Actual number of B. a. Sterne spores spiked onto filter based on spiking suspension titer and volume of suspension applied. 
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N-9 

September 18, 2017 Trial - PLAT & ROLL Filters 

Sample ID Spore 
Load1 

Extraction 
Volume 

(mL) 

Volume in 
Filter Cup 

(mL) 

Plate 
Counts 
(CFU) 

Average Sample 
Concentration Percent 

Recovery CFU/mL Total CFU 

1-PLAT-
MID-0 

0.0E+00 25 1 1 1.0 25.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

2-PLAT-
MID-0 

0.0E+00 25 1 2 2.0 50.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

3-PLAT-
MID-30 

3.0E+01 25 1 6 6.0 150.0 500.0 

3.0E+01 25 4 0 0.0 0.0 0.0 

4-PLAT-
MID-30 

3.0E+01 25 1 3 3.0 75.0 250.0 

3.0E+01 25 4 0 0.0 0.0 0.0 

5-PLAT-
MID-300 

3.0E+02 25 1 3 3.0 75.0 25.0 

3.0E+02 25 4 0 0.0 0.0 0.0 

6-PLAT-
MID-300 

3.0E+02 25 1 5 5.0 125.0 41.7 

3.0E+02 25 4 0 0.0 0.0 0.0 

7-PLAT-
MID-3,000 

3.0E+03 25 1 54 54.0 1350.0 45.0 

3.0E+03 25 4 0 0.0 0.0 0.0 

8-PLAT-
MID-3,000 

3.0E+03 25 1 35 35.0 875.0 29.2 

3.0E+03 25 4 0 0.0 0.0 0.0 

9-ROLL-
MID-0 

0.0E+00 25 1 0 0.0 0.0 #DIV/0! 
0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

10-ROLL-
MID-0 

0.0E+00 25 1 0 0.0 0.0 #DIV/0! 
0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

11-ROLL-
MID-30 

3.0E+01 25 1 0 0.0 0.0 0.0 
3.0E+01 25 4 0 0.0 0.0 0.0 

12-ROLL-
MID-30 

3.0E+01 25 1 0 0.0 0.0 0.0 
3.0E+01 25 4 0 0.0 0.0 0.0 

13-ROLL-
MID-300 

3.0E+02 25 1 0 0.0 0.0 0.0 
3.0E+02 25 4 0 0.0 0.0 0.0 

14-ROLL-
MID-300 

3.0E+02 25 1 0 0.0 0.0 0.0 
3.0E+02 25 4 0 0.0 0.0 0.0 

15-ROLL-
MID-3,000 

3.0E+03 25 1 0 0.0 0.0 0.0 
3.0E+03 25 4 0 0.0 0.0 0.0 

16-ROLL-
MID-3,000 

3.0E+03 25 1 0 0.0 0.0 0.0 
3.0E+03 25 4 0 0.0 0.0 0.0 

Used for calculations 
100% lawn 
50% lawn 
75% lawn 
Grime makes counting impossible 

1 Actual number of B. a. Sterne spores spiked onto filter based on spiking suspension titer and volume of suspension applied. 
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August 14, 2017 Trial – ROLL Filters 

Sample ID Spore 
Load1 

Extraction 
Volume 

(mL) 

Volume in 
Filter Cup 

(mL) 

Plate 
Counts 
(CFU) 

Average Sample 
Concentration Percent 

Recovery CFU/mL Total CFU 

1-ROLL-
NEW-0 

0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

2-ROLL-
NEW-0 

0.0E+00 25 1 0 0.0 0.0 #DIV/0! 

0.0E+00 25 4 0 0.0 0.0 #DIV/0! 

3-ROLL-
NEW-30 

7.0E+01 25 1 4 4.0 100.0 143.5 

7.0E+01 25 4 12 3.0 75.0 107.6 

4-ROLL-
NEW-30 

7.0E+01 25 1 1 1.0 25.0 35.9 

7.0E+01 25 4 4 1.0 25.0 35.9 

5-ROLL-
NEW-300 

7.0E+02 25 1 22 22.0 550.0 78.6 

7.0E+02 25 4 58 14.5 362.5 51.8 

6-ROLL-
NEW-300 

7.0E+02 25 1 16 16.0 400.0 57.1 

7.0E+02 25 4 63 15.8 393.8 56.3 
7-ROLL-

NEW-
3,000 

7.0E+03 25 1 120 120.0 3000.0 42.9 

7.0E+03 25 4 TNTC #VALUE! #VALUE! #VALUE! 
8-ROLL-

NEW-
3,000 

7.0E+03 25 1 98 98.0 2450.0 35.0 

7.0E+03 25 4 TNTC #VALUE! #VALUE! #VALUE! 

9-ROLL-
END-0 

0.0E+00 25 1 LAWN #VALUE! #VALUE! #VALUE! 
0.0E+00 25 4 LAWN #VALUE! #VALUE! #VALUE! 

10-ROLL-
END-0 

0.0E+00 25 1 LAWN #VALUE! #VALUE! #VALUE! 
0.0E+00 25 4 LAWN #VALUE! #VALUE! #VALUE! 

11-ROLL-
END-30 

7.0E+01 25 1 LAWN #VALUE! #VALUE! #VALUE! 
7.0E+01 25 4 LAWN #VALUE! #VALUE! #VALUE! 

12-ROLL-
END-30 

7.0E+01 25 1 LAWN #VALUE! #VALUE! #VALUE! 
7.0E+01 25 4 LAWN #VALUE! #VALUE! #VALUE! 

13-ROLL-
END-300 

7.0E+02 25 1 LAWN #VALUE! #VALUE! #VALUE! 

7.0E+02 25 4 LAWN #VALUE! #VALUE! #VALUE! 

14-ROLL-
END-300 

7.0E+02 25 1 LAWN #VALUE! #VALUE! #VALUE! 
7.0E+02 25 4 LAWN #VALUE! #VALUE! #VALUE! 

15-ROLL-
END-3,000 

7.0E+03 25 1 TNTC #VALUE! #VALUE! #VALUE! 
7.0E+03 25 4 TNTC #VALUE! #VALUE! #VALUE! 

16-ROLL-
END-3,000 

7.0E+03 25 1 TNTC #VALUE! #VALUE! #VALUE! 
7.0E+03 25 4 TNTC #VALUE! #VALUE! #VALUE! 

Used for calculations 
1 Actual number of B. a. Sterne spores spiked onto filter based on spiking suspension titer and volume of suspension applied. 
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APPENDIX O. RV-PCR RESULTS FOR NON-AIR QUALITY FILTERS 
USING CHROMOSOMAL AND PXO1 GENE TARGETS 
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Trial Date Sample ID Spore 
Load 

B. a. 
chromosome 

Ct (t0) 

B. a. 
chromosome 

Ct (tf) 

B. a. 
chromosome 

ΔCt 
Result 

B. a. 
pXO1 
Ct (t0) 

B. a. 
pXO1 Ct 

(tf) 

B. a. 
pXO1 
ΔCt 

Result 

07/24/2017 
BUS 

BUS-High-0 0 45 45 0 Neg. 45 45 0 Neg. 

BUS-High-0 0 45 45 0 Neg. 45 45 0 Neg. 

BUS-High-0 0 45 45 0 Neg. 45 43.37* 1.21 Neg. 

BUS-High-30 15 45 34.06 10.94 Pos.  45 31.93 13.07 Pos. 

BUS-High-30 15 45 31.4 13.6 Pos. 45 30.27 14.73 Pos. 

BUS-High-30 15 45 31.54 13.46 Pos. 45 31.07 13.93 Pos. 

BUS-High-
300 

150 45 32.83 12.17 Pos. 45 31.45 13.55 Pos. 

BUS-High-
300 

150 45 25.93 19.07 Pos. 45 25.17 19.83 Pos. 

BUS-High-
300 

150 45 24.19 20.81 Pos. 45 23.57 21.43 Pos. 

BUS-New-0 0 45 45 0 Neg. 45 45 0 Neg. 

BUS-New-0 0 45 45 0 Neg. 45 45 0 Neg. 

BUS-New-0 0 45 45 0 Neg. 45 43.13* 1.87 Neg. 

07/31/17 
HVAC 

HVAC-New-
0 

0 45 36.9 ± 1.9 8.1 Neg. 45 34.0 ± 
0.3 

11 Neg.1 

HVAC-New-
0 

0 45 42.9 ± 1.9 2.1 Neg. 45 37.9 ± 
2.7 

7.1 Neg. 

HVAC-New-
30 

38 45 19.3 ± 0.1 25.7 Pos. 45 18.8 ± 
0.0 

26.2 Pos. 

HVAC-New-
30 

38 45 17.2 ± 0.1 27.8 Pos. 45 16.7 ± 
0.0 

28.3 Pos. 

HVAC-END-
0 

0 45 44.8 ± 0.3 0.2 Neg. 45 40.7 ± 
3.7 

4.3 Neg. 

HVAC-END-
0 

0 45 43.2 ± 3.2 1.8 Neg. 45 36.1 ± 
0.2 

8.9 Neg. 

HVAC-END-
30 

38 45 28.2 ± 0.1 16.8 Pos. 45 27.6 ± 
0.1 

17.4 Pos. 

HVAC-END-
30 

38 45 25.2 ± 0.1 19.8 Pos. 45 24.3 ± 
0.0 

20.7 Pos. 

HVAC-END-
300 

380 45 25.8 ± 0.0 19.2 Pos. 45 25.2 ± 
0.0 

19.8 Pos. 

HVAC-END-
300 

380 45 23.4 ± 0.1 21.2 Pos. 45 22.7 ± 
0.1 

22.3 Pos. 

HVAC-END-
3,000 

3,800 45 20.2 ± 0.1 24.8 Pos. 45 19.5 ± 
0.0 

25.5 Pos. 

HVAC-END-
3,000 

3,800 45 19.6 ± 0.1 25.4 Pos. 45 18.9 ± 
0.0 

26.1 Pos. 

9/5/2017 
HVAC 

HVAC-New-
0 

0 45 34.5 ± 0.6 10.5 Pos. 45 34.5 ± 
0.4 

10.5 Pos. 

HVAC-New-
0 

0 45 37.3 ± 1.8 7.7 Neg. 45 36.2 ± 
0.0 

8.8 Neg. 

HVAC-New-
30 

33 45 20.2 ± 0.1 24.8 Pos. 45 19.9 ± 
0.0 

25.1 Pos. 

HVAC-New-
30 

33 42.6 ± 4.2 18.1 ± 0.0 24.5 Pos. 43.9 ± 
2.0 

17.8 ± 
0.0 

26.1 Pos. 

HVAC-New-
300 

330 45 26.8 ± 0.2 18.2 Pos. 45 26.4 ± 
0.0 

18.6 Pos. 

HVAC-New-
300 

330 45 27.4 ± 0.1 17.6 Pos. 45 27.0 ± 
0.0 

18 Pos. 

HVAC-New-
3,000 

3,300 45 19.1 ± 0.1 25.9 Pos. 45 18.5 ± 
0.0 

26.5 Pos. 
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Trial Date Sample ID Spore 
Load 

B. a. 
chromosome 

Ct (t0) 

B. a. 
chromosome 

Ct (tf) 

B. a. 
chromosome 

ΔCt 
Result 

B. a. 
pXO1 
Ct (t0) 

B. a. 
pXO1 Ct 

(tf) 

B. a. 
pXO1 
ΔCt 

Result 

HVAC-New-
3,000 

3,300 45 16.9 ± 0.0 28.1 Pos. 45 16.6 ± 
0.0  

28.4 Pos. 

HVAC-END-
0 

0 45 32.6 ± 0.2 12.4 Pos. 45 32.5 ± 
0.2 

12.5 Pos. 

HVAC-END-
0 

0 45 34.3 ± 0.5 10.7 Pos. 45 33.8 ± 
0.0 

11.2 Pos. 

HVAC-END-
30 

33 45 25.3 ± 0.1 19.7 Pos. 43.2 ± 
3.2 

24.7 ± 
0.0 

18.5 Pos. 

HVAC-END-
30 

33 45 33.8 ± 0.3 11.2 Pos. 45 33.3 ± 
0.0 

11.7 Pos. 

HVAC-END-
300 

330 45 27.0 ± 0.0 18 Pos. 45 26.6 ± 
0.0 

18.4 Pos. 

HVAC-END-
300 

330 45 27.1 ± 0.1 17.9 Pos. 45 26.3 ± 
0.0 

18.7 Pos. 

HVAC-END-
3,000 

3,300 45 21.2 ± 0.0 23.8 Pos. 45 20.5 ± 
0.0 

24.5 Pos. 

HVAC-END-
3,000 

3,300 45 23.9 ± 0.1 21.1 Pos. 45 23.2 ± 
0.0 

21.8 Pos. 

08/7/2017 
PLAT 

PLAT-New-0 0 40.6 ± 3.0 34.5 ± 0.5 6.1 Neg. 42.3 ± 
3.1 

33.9 ± 
0.3 

8.5 Neg. 

PLAT-New-0 0 41.3 ± 3.5 35.6 ± 0.3 5.7 Neg. 36.9 ± 
1.1 

34.3 ± 
0.1 

2.6 Neg. 

PLAT-New-
30 

17 45 35.5 ± 0.6 9.5 Neg.1 38.8 ± 
2.1  

34.5 ± 
0.3 

4.2 Neg. 

PLAT-New-
30 

17 45 16.9 ± 0.0 28.1 Pos. 41.8 ± 
2.8 

16.5 ± 
0.0 

25.2 Pos. 

PLAT-New-
300 

170 36.2 ± 1.1 18.0 ± 0.1 18.2 Pos. 35.3 ± 
1.1 

17.7 ± 
0.0 

17.6 Pos. 

PLAT-New-
300 

170 45 16.5 ± 0.0 28.5 Pos. 45 16.1 ± 
0.0 

28.9 Pos. 

PLAT-New-
3,000 

1,700 38.8 ± 1.1 16.8 ± 0.1 21.9 Pos. 36.1 ± 
1.2 

16.3 ± 
0.0  

19.8 Pos. 

PLAT-New-
3,000 

1,700 38.1 ± 1.4 17.0 ± 0.0 21.1 Pos. 35.3 ± 
0.1 

16.5 ± 
0.0 

18.8 Pos. 

PLAT-END-
0 

0 34.3 ± 1.23 34.3 ± 0.8 0 Neg. 33.7 ± 
0.4 

33.4 ± 
0.4 

0.3 Neg. 

PLAT-END-
0 

0 42.3 ± 4.5 33.4 ± 0.2 9 Neg.1 37.9 ± 
1.6 

33.1 ± 
0.1 

4.8 Neg. 

PLAT-END-
30 

17 34.9 ± 0.2 28.3 ± 0.0 6.7 Neg. 34.3 ± 
0.1 

27.9 ± 
0.0 

6.4 Neg. 

PLAT-END-
30 

17 43.3 ± 3.0 27.0 ± 0.0 16.3 Pos. 45 26.5 ± 
0.1 

18.5 Pos. 

PLAT-END-
300 

170 38.2 ± 1.9 24.5 ± 0.0 13.7 Pos. 35.7 ± 
0.3 

23.9 ± 
0.1 

11.9 Pos. 

PLAT-END-
300 

170 45 28.1 ± 0.2 16.9 Pos. 37.7 ± 
0.2 

27.6 ± 
0.2 

10.2 Pos. 

PLAT-END-
3,000 

1,700 43.3 ± 1.9 21.7 ± 0.1 21.6 Pos. 42.1 ± 
2.6 

21.1 ± 
0.0 

21 Pos. 

PLAT-END-
3,000 

1,700 34.8 ± 0.7 22.3 ± 0.5 12.5 Pos. 33.9 ± 
0.3 

21.5 ± 
0.4 

12.4 Pos. 

08/14/2017 
ROLL 

ROLL-New-0 0 45 34.2 ± 0.4 10.8 Pos. 45 34.2 ± 
0.1 

10.8 Pos. 

ROLL-New-0 0 45 39.4 ± 1.5 5.6 Neg. 45 35.7 ± 
0.1 

9.3 Neg.1 

ROLL-New-
30 

70 45 16.4 ± 0.1 28.6 Pos. 45 16.4 ± 
0.0 

28.6 Pos. 
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O-4 

Trial Date Sample ID Spore 
Load 

B. a. 
chromosome 

Ct (t0) 

B. a. 
chromosome 

Ct (tf) 

B. a. 
chromosome 

ΔCt 
Result 

B. a. 
pXO1 
Ct (t0) 

B. a. 
pXO1 Ct 

(tf) 

B. a. 
pXO1 
ΔCt 

Result 

ROLL-New-
30 

70 45 16.6 ± 0.0 28.4 Pos. 45 16.4 ± 
0.0 

28.6 Pos. 

ROLL-New-
300 

700 45 16.8 ± 0.0 28.2 Pos. 45 16.6 ± 
0.0 

28.4 Pos. 

ROLL-New-
300 

700 45 17.1 ± 0.0 27.9 Pos. 45 16.9 ± 
0.0 

28.1 Pos. 

ROLL-New-
3,000 

7,000 45 16.6 ± 0.1 28.4 Pos. 43.6 ± 
2.3 

16.3 ± 
0.0 

27.3 Pos. 

ROLL-New-
3,000 

7,000 44.1 ± 1.6 16.7 ± 0.1 27.4 Pos. 44.2 ± 
1.3 

16.3 ± 
0.0 

27.9 Pos. 

ROLL-END-
0 

0 45 31.7 ± 0.1 13.3 Pos. 45 31.6 ± 
0.1 

13.4 Pos. 

ROLL-END-
0 

0 45 31.4 ± 0.1 13.6 Pos. 45 31.0 ± 
0.1 

14 Pos. 

ROLL-END-
30 

70 45 31.7 ± 0.1 13.3 Pos. 45 31.4 ± 
0.2 

13.6 Pos. 

ROLL-END-
30 

70 45 28.4 ± 0.1 16.6 Pos. 45 27.9 ± 
0.0 

17.1 Pos. 

ROLL-END-
300 

700 45 27.3 ± 0.1 17.7 Pos. 45 26.8 ± 
0.0 

18.2 Pos. 

ROLL-END-
300 

700 45 24.9 ± 0.0 20.1 Pos. 45 24.3 ± 
0.0 

20.7 Pos. 

ROLL-END-
3,000 

7,000 45 27.4 ± 0.1 17.6 Pos. 45 26.7 ± 
0.0 

18.3 Pos. 

ROLL-END-
3,000 

7,000 45 22.6 ± 0.1 22.4 Pos. 45 21.9 ± 
0.0 

23.1 Pos. 

08/21/17 
BUS 

BUS-New-0 0 45 35.7 ± 0.6 9.3 Neg.1 41.1 ± 
1.0 

35.3 ± 
0.6 

5.8 Neg. 

BUS-New-0 0 45 40.1 ± 4.6 4.9 Neg. 43.4 ± 
1.5 

36.0 ± 
0.3 

7.4 Neg. 

BUS-New-30 44 45 16.9 ± 0.1 28.1 Pos. 45 16.7 ± 
0.0 

28.3 Pos. 

BUS-New-30 44 45 16.5 ± 0.1 28.5 Pos. 44.2 ± 
1.4 

16.2 ± 
0.0 

28 Pos. 

BUS-New-
300 

440 45 17.0 ± 0.0 28 Pos. 45 16.7 ± 
0.0 

28.3 Pos. 

BUS-New-
300 

440 45 17.0 ± 0.0 28 Pos. 45 16.7 ± 
0.0 

28.3 Pos. 

BUS-New-
3,000 

4,400 45 17.1 ± 0.1 27.9 Pos. 45 16.8 ± 
0.0 

28.2 Pos. 

BUS-New-
3,000 

4,400 45 16.9 ± 0.1 28.1 Pos. 45 16.6 ± 
0.0 

26.7 Pos. 

BUS-END-0 0 45 33.8 ± 0.6 11.2 Pos. 45 33.4 ± 
0.2 

11.6 Pos. 

BUS-END-0 0 45 33.9 ± 0.0 11.1 Pos. 45 33.1 ± 
0.1 

11.9 Pos. 

BUS-END-30 44 45 29.5 ± 0.1 15.5 Pos. 45 29.2 ± 
0.1 

15.8 Pos. 

BUS-END-30 44 45 23.8 ± 0.0 21.2 Pos. 45 23.4 ± 
0.0 

21.6 Pos. 

BUS-END-
300 

440 45 21.9 ± 0.1 23.1 Pos. 45 21.7 ± 
0.0 

23.3 Pos. 

BUS-END-
300 

440 45 24.0 ± 0.1 21 Pos. 45 23.6 ± 
0.0 

21.4 Pos. 

BUS-END-
3,000 

4,400 45 22.2 ± 0.1 22.8 Pos. 45 21.5 ± 
0.0 

23.5 Pos. 
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O-5 

Trial Date Sample ID Spore 
Load 

B. a. 
chromosome 

Ct (t0) 

B. a. 
chromosome 

Ct (tf) 

B. a. 
chromosome 

ΔCt 
Result 

B. a. 
pXO1 
Ct (t0) 

B. a. 
pXO1 Ct 

(tf) 

B. a. 
pXO1 
ΔCt 

Result 

BUS-END-
3,000 

4,400 45 21.8 ± 0.1 23.2 Pos. 45 21.3 ± 
0.0 

23.7 Pos. 

09/11/17 
BUS and 
HVAC 

BUS-Mid-0 0 45 45 0 Neg. 45 45 0 Neg. 

BUS-Mid-0 0 45 45 0 Neg. 45 45 0 Neg. 

BUS-Mid-30 18 45 26.9 ± 0.5 18.1 Pos. 43.2 ± 
3.1 

26.3 ± 
0.0 

16.9 Pos. 

BUS-Mid-30 18 45 30.7 ± 0.2 14.3 Pos. 45 30.1 ± 
0.1 

14.9 Pos. 

BUS-Mid-
300 

180 45 24.9 ± 0.1 20.1 Pos. 45 24.6 ± 
0.1 

20.4 Pos. 

BUS-Mid-
300 

180 45 28.1 ± 0.1 16.9 Pos. 45 27.2 ± 
0.0 

17.8 Pos. 

BUS-Mid-
3,000 

1,800 45 24.8 ± 0.0 20.2 Pos. 45 23.8 ± 
0.0 

21.2 Pos. 

BUS-Mid-
3,000 

1,800 45 22.6 ± 0.1 22.4 Pos. 45 21.7 ± 
0.0 

23 Pos. 

HVAC-Mid-0 0 45 45 0 Neg. 45 45 0 Neg. 

HVAC-Mid-0 0 45 45 0 Neg. 44.2 ± 
1.4 

45 -0.8 Neg. 

HVAC-Mid-
30 

18 45 28.9 ± 0.1 16.1 Pos. 45 28.1 ± 
0.1 

16.9 Pos. 

HVAC-Mid-
30 

18 45 27.3 ± 0.0 17.7 Pos. 45 26.9 ± 
0.0 

18.1 Pos. 

HVAC-Mid-
300 

180 45 21.9 ± 0.0 23.1 Pos. 45 21.5 ± 
0.1 

23.5 Pos. 

HVAC-Mid-
300 

180 45 23.6 ± 0.1 21.4 Pos. 45 23.0 ± 
0.0 

22 Pos. 

HVAC-Mid-
3,000 

1,800 45 19.8 ± 0.1 25.2 Pos. 45 19.4 ± 
0.0 

25.6 Pos. 

HVAC-Mid-
3,000 

1,800 45 18.4 ± 0.1 26.6 Pos. 45 17.8 ± 
0.0 

27.2 Pos. 

09/18/17 
PLAT and 
ROLL 

PLAT-Mid-0 0 45 45 0 Neg. 45 45 0 Neg. 

PLAT-Mid-0 0 45 45 0 Neg. 45 45 0 Neg. 

PLAT-Mid-
30 

30 45 26.9 ± 0.1 18.1 Pos. 45 26.7 ± 
0.0 

18.3 Pos. 

PLAT-Mid-
30 

30 45 30.1 ± 0.0 14.9 Pos. 45 29.6 ± 
0.0 

15.4 Pos. 

PLAT-Mid-
300 

300 45 25.5 ± 0.1 19.5 Pos. 45 25.1 ± 
0.0 

19.9 Pos. 

PLAT-Mid-
300 

300 45 25.3 ± 0.1 19.7 Pos. 45 24.8 ± 
0.0 

20.2 Pos. 

PLAT-Mid-
3,000 

3,000 45 23.9 ± 0.0 21.1 Pos. 45 23.4 ± 
0.1 

21.6 Pos. 

PLAT-Mid-
3,000 

3,000 45 24.8 ± 0.1 20.2 Pos. 45 24.4 ± 
0.0 

20.6 Pos. 

ROLL-Mid-0 0 45 45 0 Neg. 45 45 0 Neg. 

ROLL-Mid-0 0 45 45 0 Neg. 45 45 0 Neg. 

ROLL-Mid-
30 

30 45 30.1 ± 0.1 14.9 Pos. 45 29.8 ± 
0.0 

15.2 Pos. 

ROLL-Mid-
30 

30 45 33.3 ± 0.1 11.7 Pos. 45 32.7 ± 
0.2 

12.3 Pos. 

ROLL-Mid-
300 

300 45 30.0 ± 0.1 15 Pos. 45 29.6 ± 
0.1 

15.4 Pos. 
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Trial Date Sample ID Spore 
Load 

B. a. 
chromosome 

Ct (t0) 

B. a. 
chromosome 

Ct (tf) 

B. a. 
chromosome 

ΔCt 
Result 

B. a. 
pXO1 
Ct (t0) 

B. a. 
pXO1 Ct 

(tf) 

B. a. 
pXO1 
ΔCt 

Result 

ROLL-Mid-
3001 

300 45 26.8 ± 0.1 18.2 Pos. 45 26.2 ± 
0.0 

18.8 Pos. 

ROLL-Mid-
3,000 

3,000 45 23.7 ± 0.0 21.3 Pos. 45 23.0 ± 
0.0 

22 Pos. 

ROLL-Mid-
3,000 

3,000 45 23.7 ± 0.1 21.3 Pos. 45 23.0 ± 
0.0 

22 Pos. 

09/25/17 
non-AQ 
mid-duty 

BUS-Mid-0 0 45 45 0 Neg. 45 43.8 ± 
2.0 

1.2 Neg. 

HVAC-Mid-0 0 45 45 0 Neg. 45 45 0 Neg. 

BUS-Mid-30 42 45 35.1 ± 0.6 9.9 Pos. 45 34.5 ± 
0.2 

10.5 Pos. 

HVAC-Mid-
30 

42 45 29.5 ± 0.1 15.5 Pos. 45 29.2 ± 
0.1 

15.8 Pos. 

BUS-Mid-
300 

420 45 21.8 ± 0.1 23.2 Pos. 45 21.7 ± 
0.0 

23.3 Pos. 

HVAC-Mid-
300 

420 45 22.0 ± 0.1 23 Pos. 45 21.8 ± 
0.0 

23.2 Pos. 

BUS-Mid-
3,000 

4,200 45 21.5 ± 0.0 23.5 Pos. 45 20.9 ± 
0.0 

24.1 Pos. 

HVAC-Mid-
3,000 

4,200 45 17.5 ± 0.0 27.5 Pos. 45 17.2 ± 
0.0 

27.8 Pos. 

PLAT-Mid-0 0 45 45 0 Neg. 45 45 0 Neg. 

ROLL-Mid-0 0 45 45 0 Neg. 45 45 0 Neg. 

PLAT-Mid-
301 

42 45 45 0 Neg. 45 45 0 Neg. 

ROLL-Mid-
301 

42 45 45 0 Neg. 45 45 0 Neg. 

PLAT-Mid-
300 

420 45 25.4 ± 0.1 19.6 Pos. 45 25.2 ± 
0.0 

19.8 Pos. 

ROLL-Mid-
300 

420 45 24.7 ± 0.0 20.3 Pos. 45 24.3 ± 
0.0 

20.7 Pos. 

PLAT-Mid-
3,000 

4,200 45 26.4 ± 0.0 18.6 Pos. 45 25.7 ± 
0.0 

19.3 Pos. 

ROLL-Mid-
3,000 

4,200 45 26.7 ± 0.1 18.3 Pos. 45 26.3 ± 
0.0 

18.7 Pos. 

10/02/17 
PLAT & 
ROLL 

PLAT-New-0 0 45 45 0 Neg. 45 45 0 Neg. 

ROLL-New-0 0 45 45 0 Neg. 45 45 0 Neg. 

PLAT-New-
30 

28 45 16.4 ± 0.0 28.6 Pos. 45 16.5 ± 
0.0 

28.5 Pos. 

ROLL-New-
30 

28 45 22.6 ± 0.0 22.4 Pos. 45 22.5 ± 
0.0 

22.5 Pos. 

PLAT-New-
300 

280 45 17.0 ± 0.0 28 Pos. 45 16.9 ± 
0.0 

28.1 Pos. 

ROLL-New-
300 

280 45 18.1 ± 0.0 26.9 Pos. 45 17.9 ± 
0.0 

27.1 Pos. 

PLAT-New-
3,000 

2,800 45 17.5 ± 0.1 27.5 Pos. 45 17.4 ± 
0.1 

27.6 Pos. 

ROLL-New-
3,000 

2,800 45 18.1 ± 0.0 26.9 Pos. 45 17.9 ± 
0.0  

27.1 Pos. 

PLAT-END-
0 

0 45 45 0 Neg. 45 45 0 Neg. 

ROLL-END-
0 

0 45 45 0 Neg. 45 45 0 Neg. 
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Trial Date Sample ID Spore 
Load 

B. a. 
chromosome 

Ct (t0) 

B. a. 
chromosome 

Ct (tf) 

B. a. 
chromosome 

ΔCt 
Result 

B. a. 
pXO1 
Ct (t0) 

B. a. 
pXO1 Ct 

(tf) 

B. a. 
pXO1 
ΔCt 

Result 

PLAT-END-
30 

28 41.0 ± 3.5 29.1 ± 0.1 11.9 Neg.1 38.0 ± 
1.1 

29.1 ± 
0.1 

8.9 Neg. 

ROLL-END-
30 

28 45 38.8 ± 5.6 6.2 Neg. 45 34.0 ± 
1.3 

11 Neg.1 

PLAT-END-
300 

280 45 28.2 ± 0.1 16.8 Pos. 45 27.7 ± 
0.1 

17.3 Pos. 

ROLL-END-
300 

280 45 31.1 ± 0.1 13.9 Pos. 45 30.3 ± 
0.1 

14.7 Pos. 

PLAT-END-
3,000 

2,800 45 23.5 ± 0.0 21.5 Pos. 45 22.9 ± 
0.0 

22.1 Pos. 

ROLL-END-
3,000 

2,800 45 30.8 ± 0.1 14.2 Pos. 45 29.9 ± 
0.0 

15.1 Pos. 

05/28/18 
PM10 
South 
Carolina 
and Various 
Filter types 

11-BUS-
NEW-30 

29 45 18.6 ± 0.1 26.4 Pos. 45 18.6 ± 
0.1 

26.4 Pos. 

12-BUS-
NEW-300  

290 45 18.5 ± 0.1 26.5 Pos. 45 18.5 ± 
0.1 

26.6 Pos. 

13-HVAC-
NEW-300  

290 45 18.3 ± 0.1 26.7 Pos. 45 18.3 ± 
0.1 

27.1 Pos. 

15-BUS-
NEW-3,000  

2,900 45 17 ± 0.1 28 Pos. 45 17 ± 0.1 28 Pos. 

16-BUS-
END-3,000  

2,900 45 18.6 ± 0.1 26.4 Pos. 45 18.6 ± 
0.1 

26.9 Pos. 

17-HVAC-
NEW-3,000  

2,900 45 17 ± 0.0 28 Pos. 45 17 ± 0.0 28 Pos. 
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